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Laser indirect ophthalmoscoy 
demands a different perspecti 
on safety and performance tha 
conventiona! delivery systems: 
To eliminate the distraction & 
added weight of mechanical 
shutters, for example, Coherg 
incorporates a fixed safety fil 
Your eyes are always protecte 
Visualization is unrestricted 

For uncompromised viev 
the illumination and visual 
axes are positioned exactly 
in a diagnostic indirect oph 
moscope. Our unique optic 
design places the laser bee 
between these two optical 
pathways, so you can deliv 
treatment to the exact prob 
areas you identify. 

Look into the new Laser 
Indirect Ophthalmoscope fi 
Coherent. Youll appreciate o 
view on safety and performa 
Contact Coherent today. 
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ENCOURAGE COMPLIANCE. 
PROPINE” WITH C CAP” 
Propine with C Cap encourages proper dosing by: 

e Tracking next dose to be taken, and 


e Minimizing confusion for patients on multidose 
therapy or multiple medications. 





PROPINE*(dipivefrin HCl) 


sterile ophthalmic solution, USP, 0.1% with 


C CAP” Compliance Cap B.I.D. 


INDICATIONS: Propine le HCI) is indicated as initial 
therapy for the control of intraocular pressure in chronic open- 
angle glaucoma. Patients responding inadequately to other 
antiglaucoma therapy may respond to addition of Propine. In 
controlled and open-label studies of glaucoma, Propine 
demonstrated a statistically significant intraocular pressure- 
lowering effect. Patients using Propine twice daily in studies 
with mean durations of 76-146 days experienced mean pressure 
reductions ranging from 20-24%. Therapeutic response to 
Propine twice daily is somewhat less than 2% epinephrine twice 
daily. Controlled studies showed statistically significant differ- 
ences in lowering of intraocular pressure between Propine and 
2% epinephrine. In controlled studies in patients with a history 
of epinephrine intolerance, only 3% of patients treated with 
Propine exhibited intolerance, while 55% of those treated with 
epinephrine ‘again developed intolerance. Therapeutic 
response to Propine twice daily therapy s comparable to 2% 
pilocarpine 4 times daily. In controlled clinical studies com- 
paring Propine and 2% pilocarpine, there were no statistically 
significant differences in the maintenance of IOP levels forthe 
two medications. Propine does not produce miosis or accom- 
modative spasm which cholinergic agents are known to 
produce. The blurred vision and night blindness often 
associated with miotic agents are not present with Propine 
therapy. Patients with cataracts avoid the ability fo see around 
lenticular opacities caused by constricted pupil. CONTRA- 
INDICATIONS: Propine® should not be used in patients with nar- 
row angles since any dilation of the pupi! may predispose the 
patient to an attack of angle-closure glaucoma. This product 
is contraindicated in patients who are hypersensitive to any 
of its components. PRECAUTIONS: Aphaiic Patients. Macular 
edema has been shown to occur in up to 30% of aphakic 
patients treated with epinephrine. Diseontinuation of 
epinephrine generally results in reversal of the maculopathy. 
Pregnancy: Pregnancy Category B. Reproduction studies have 
been performed in rats and rabbits at daily oral doses up to 
10 mg/kg body weight (5 mg/kg in teratogenicity studies}, and 
have revealed no evidence of impaired fertility or harm to the 
fetus due to dipivefrin HCI. There are, hewever, no adequate 
and well-controlled studies in pregnant women. Because 
animal reproduction studies are not always predictive of human 
response, this drug should be used during pregnancy only if 
clearly needed. Nursing Mothers. It is not known whether this 
drug is excreted in human milk. Because many drugs are 
excreted in human milk, caution should be exercised when 
Propine is administered to a nursing woman. ua in Chil- 
dren. Clinical studies for safety and efficacy in children have 
not be 6n done. Animal Studies. Rabbit studies indicated a dose- 
relate d incidence of meibomian gland retention cysts follow- 
ing tc pical administration of both dipivefrin hydrochloride and 
epin’2phrine. ADVERSE REACTIONS: Cardievascular Effects. 
Tachycardia, arrhythmias and hypertension have been reported 
with, ocular administration of epinephrine. Local Effects. The 
most frequent side effects reported with Propine alone were 
nition in 6.5% of patients and burning and stinging in 6%. 
Follicular conjunctivitis, mydriasis and alergie reactions to Pro- 
pine have been reported infrequently. Epinephrine therapy can 
ledad to adrenochrome deposits in the conjunctiva and cornea. 
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“I go from the studio one day to location the 
next. Then into the darkroom or back to my: 
office. The only way | can keep a schedule is 
to see it in front of me. Thats how | know 
what to do next!” 
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Out of sight, out of mind. It’s at 
worn expression, but one that still h: 
important implications for proper do 

For many patients, a simple vis 
cue can go a long way to prompt th 
next dose. 

Since 1980, Propine has provide 
glaucoma patients with twice-daily 
control. But now, with the additio 
Allergan’s exclusive C Cap, Propine 
add a compliance advantage to your 
therapy. 

Propine with C Cap: 

- Tracks next dose to be taken, 

- Minimizes confusion for patie 

on multidose therapy or multip 

medications. 

Propine with C Cap is available’ 
omL and 10 mL bottles. 

Please see adjacent page for brie 
summary of prescribing information. 
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Two ways to lower the cost of glaucoma therapy. 


Pilocar® alone 
(pilocarpine HCI) 


By itself Pilocar® is one 
of the most economical 
glaucoma therapies avail- 
able. In fact, a Pilocar® 
~ Twin-Pack prescription 
-Saves your patients more 
than any other brand name 
_ pilocarpine — even some 
< generics. And Pilocar® 
has the IOLAB quality 
Je assurance behind each 
bottle. 
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Pilocar® 
concomitantly. 


Pilocar® adds much _- 

less expense to already 
expensive beta-blocker 
therapy. Compare Pilocar® 
to other concomitant ther- 
apies that cost up to five 
times as much. Pilocar® 
provides your patients with 
an effective concomitant 
therapy they can afford. 
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BIO-COR® In place post-operatively to enhance healing > 


As a result of Bausch & Lomb 
Pharmaceuticals’ leadership in 
collagen research, recently pub- 
lished studies prove BIO-COR® 
12- and 24-hour Collagen 
Corneal Shields can accelerate 
corneal epithelial healing. 

Healing benefits of 
BIO-COR® Collagen Corneal 
Shields. BIO-COR® is the first 
and only collagen product which 
can claim all these benefits:* 
= Speeds corneal epithelial heal- 

ing (according to reports, as 

much as 50% or more) 


*Data on file at Bausch & Lomb 
Pharmaceuticals, Inc. 

©1989 Bausch & Lomb 
Pharmaceuticals, Inc. 

All rights reserved. 


= Reduces post-op stromal 
edema 

= Increases fibroblast activity 
at incision 

= Collagen fibers guide cellular 
migration 

= Normalizes surface epithelial 
bonding 

m Protects keratocytes around 
wound 

=a Higher collagen content at 
wound site (approximately 
one third more collagen 
available) 

= Comprised of scleral collagen 


BAUSCH & LOMB P) 
BAUSCH & LOMB 
PHARMACEUTICALS, INC. 


11300 49th Street, North 
Clearwater FL 34622-4807 





In collagen research, Bausch 
& Lomb Pharmaceuticals, Inc. 
stands alone. Over the past 
three years, Bausch & Lomb 
Pharmaceuticals, Inc., as well 
as clinical investigators around 
the world, have been pursuing 
a massive research program 
pioneering new ophthalmic 
applications for collagen. 

Available in various dis- 
solution rates: To suit your 
individual office/patient needs, 
BIO-COR® Collagen Corneal 
Shields come in 12-, 24-, or 
72- hour dissolution rates 
(approximate). 

A breakthrough in corneal 
care, ready for your patients 
today. BIO-COR® Collagen 
Corneal Shields are ready now, 
and we urge you to experience 
their healing benefits with 
your patients. — 


To order, call toll-free: 
1-800-832-6393. 
















| O CPNBLICATION STAFF 
36 N Dearborr St, Chicago, IL 6061 (è) 

















duction Managers: 
SayBan, Mary C. Steermann 









Bonnie Van Cleven 







tricia A. Peedey (Supervisor) 

okey Golden (Free-lance Coordinator) 
ul Frank (Senior Copy Editor) 

hr: Radanevich 


























tty Frigervo: (Advertising) 

Thomas J. Handrigan (Illustrations) 

Jeane Weiskopt (Layout) 

Proofreading: 

‘Teresa H. Cmiotek Jennifer Reiling 
Richard T. Borter Barbara Wojtowicz 


ee Production Ausociate: 
Busan Price 











ree Arvand Senior Production Assisiants: 

2 Melinda Areabos Anita Henderson 
oo Gari Blamorte Debra Lucas 
‘aurea Bisiler ~ Susan L. Mcllwaine 

Karan Brarnam Dorothy Patterson 

ders Hall-Gortowski E. Ruth White 


Production Assistant: 
0) Marene E. Filips 






























: Manuscript Records Clerk: 
Lisa Hardin 





‘Edftorial Assistant: 

dean Schaffner 

jartment of Scientific and Socioeconomic 
xing: 

emareFrankel (Director) 

eorge Kroto Mary Kay Tinerella 
san Mcslelland 













Director, Department of Advertising Communi- 
cations: | 
~ Thomas J.Carrcil 








-Diector, Advertising Services Department: 
Raymond Christian 


ISVERTISING OFFICES: Eastern: 600 Third Ave, 
ste:3700, Blew York, NY 10016 (Manager: Robert 
“orcoras, [2 %2-867-6640], Representative: 
Reeves); Midwest/Farwest: 535 N Dear- 
Chikago, IL 60610 (Manager: Thomas J. 
roll 312-280-7782; Representatives: Joseph 
CPSs, Midwest; Caniel T. Miolsness, Farwest) 


sVERTISING PRINCIPLES: Each advertisement in 
issue-has been reviewed and complies with the 
ciples. governing advertising in AMA scientific 
cations. A copy of these principles is available 
equest. The appearance of advertising in AMA 
iblications isnot an: AMA guarantee or endorse- 
ini of the product or the claims made for the 
pct by te manufacturer. - 












































Congenital Idiopathic Corneal Endotheliopathy 
Douglas R. Scott, MD, Baltimore, Md: Jay S. Pepose, MD, PhD, 
Steven F. Lee, MD, St Louis, Mo; Norman C. Charles, MD, 
Robert C. Cykiert, MD, New York, NY; Joaquin Barraquer, MD, 
Zennida de la Cruz, MS, W. Richard Green, MD, Baltimore, Md 


LABORATORY SCIENCES 


Oral Acyclovir Reduces the Incidence of Recurrent Herpes 

Simplex Keratitis in Rabbits After Penetrating Keratoplasty ee | 
Craig F. Beyer, DO, Bethesda, Md; Max Q. Arens, PhD; Gregory A. Hill, MD, ESR 
Brian T. Rose, MD; Larysa R. Beyer; David J. Schanzlin, MD, St Louis, Mo Wie 


The Use of Fluorescein-Conjugated Lectins for 
Visualizing Atypical Mycobacteria 


Mitchell Jackson, Roger Chan, Chicago, Ill; Alice Y. Matoba, MD, Houston, Tex, 
Jeffrey B. Robin, MD, Chicago, Ml ...sssseseseeneeencceseseceteenneneerensn cee TERIEN 


Spontaneous Canine Keratoconjunctivitis Sicca — 
A Useful Modei for Human Keratoconjunctivitis Sicca: 
Treatment With Cyclosporine Eye Drops 


Renee L. Kaswan, DVM, MS; Mary-Alice Salisbury, DVM; a 
Daniel A. Ward, DVM, Athens, Ga .ee.errereerereersresreeeeeereres dees ecaatanes taa A 


Retinal Reattachment by Continuous Vitreous insufflation 
Norman P. Blair, MD; William E. Shaw; Clarissa Floro, Chicagc, lit 


Structural Proteins of the Neonatal and Adult Lamina Cribrosa 
John C. Morrison, MD; Janice A. Jerdan, PhD; Mary Ellen Dorman; 


Barcelona; Spain; == 
dbendouncecetensée > Re : “ ae r 1 : 186 


oe ORE ERE R ORAL EH 


















Pree r ere ry ME dw 


Harry A. Quigley, MD, Baltimore, Md sssri E EES AERO" 


The Extracellular Matrix of the Human Optic Nerve 


Michael H. Goldbaum, MD, San Diego, Calif; Shyun Jeng, MD, La Jolla, Calif; : Se 
Richard Logemann, San Diego, Calif; Robert N. Weinreb, MD, La Jolia, Calif os. 1225 i 


The Relation Between Glaucomatous Damage and Optic Nerve 


Head Mechanical Compliance 
Ran C. Zeimer, PhD, Yuichiro Ogura, MD, Chicago, lil 


Accuracy and Precision of Keratometry, Photokeratoscopy, 


and Corneal Modeling on Calibrated Steel Balls 


Sadeer B. Hannush, MD; Susan L. Crawford: George O. Waring If. MD; 
Mary C. Gemmill; Michael J. Lynn, MS; Azhar Nizam, MS, Atlanta, Ga 


PHOTO ESSAY 


Primary Malignant Melanoma of the Lacrimal Sac 


Dean Glaros, MD; James W. Karesh, MD; Merlyn M. Rodrigues, MD; 


Dahlia R. Hirsch, MD, Baltimore, Md; 


Lorenz E. Zimmerman, MD, Washington, DC... cere T 


SURGICAL TECHNIQUES 


Use of Sodium Hyaluronate for the Repair of Giant Retinal Fears 6 
Gary C. Brown, MD, William E. Benson, MD, Philadelphia, Pa w+... pera a 


NEW INSTRUMENT 


An Alarm System to Indicate Air-Fluid Level in the irrigating Bottle 
Gholam A. Peyman, MD, New Orleans, E- E EAEE 


CONTINUING MEDICAL EDUCATION  ......cscccsccseeeesrsseneretee E ETE she 


INDEX l 0 ADVER ISERS eee aneepeneen sense see eee PERev ORB DS UABOAPUHOSEESHALEERGSLEOR MESES EL EEE 
= à 


PPPPPETETETTTTRTEETERES 












| a ALLERGAWN ADVANTAGE PROGRAM >» PATIENT 


The Allergan Practice Management Programs: 


More than meets the eye. 


And more than youve envisioned. 


When you think of Allergan Optical, you envision quality con- 
tact lenses and complete systems for contact lens care. 

Now, expand your thinking to include cooperative advertising 
for practice promotion, videos for lens care instruction 
and the OPT for Success® program for staff develop- 
ment. Plus The Allergan Advantage Program, our way 
of providing you with the best products, equipment 
and service while we lower your costs and help you 
enhance your practice. 

Contact lenses and lens care systems, plus the support you need 
to manage your patients and practice. One company 
brings it all together. 


= ALLERGAN OPTICAL 
A Division of Allergan, Inc. To order kits or lenses call: In New York, call: 
Irvine, CA 92713 Kits: 1-800-347-4500 1-800-632-7526 
©1989 Allergan, Inc. Lenses: 1-800-645-7544 


OE or 


i 
= 
Y 
n 
Y 
< 
LJ 
bes 
Z 
Lil 
j 
< 
Oo 
= 
<í 
Y 
4 
o 
iy 
Oo 
Lil 
i 
< 
k 
Pi 
<í 
> 
Q 
<L 
z 
< 
u 
Y 
Lil 
onl 
=al 
<[ 
Li 
ii 
ba 


CONTACT ] ENSES 





in 
U} 


mT RPaI oC TiGgNn VIDEOS * OPT FOR Suerte 


+ 
> 
in 
m 
2 
E 
Z 
i 
4 
A 
as 
g 
cT 
o 
Z 
< 
U 
m 
o 
n 
g 
D 
O 
U 
m 
A 
> 
= 
< 
m 
> 
g 
< 
m 
A 
E 
i 
Z 
G) 





= 
we 






No One Sells More 
Than Lombart... 
No One. 


Because There Is 
A Difference. 


Sr ite natalia mse trata 
INSTRUMENT 


SOUTHWEST REGION WESTERN REGION NORTHEAST REGION MAIN OFFICE 
LOMBART INSTRUMENT SOUTHWEST LOMBART INSTRUMENT WEST LOMBART INSTRUMENT NORTHEAST LOMBART INSTRUMENT COMPANY 
801 Avenue K «Plano, Texas 75074 8676 Commerce Ave. «San Diego, CA 92121 P.O. Box 1722. Rutherford, NJ 07070 3335 Croft St. + Norfolk, VA 23513 
(214) 881-8303 + Fax (214) 423-6847 (619) 578-2020 Fax (619) 578-8369 (201) 387-0764 Fax (804) 855-1232 (804) 853-8888 - Fax (804) 855-1232 


EN m=- OFFICES COAST TO COAST —— 


Instructions for Authors 


Note: Please read these instructions carefully—technical deficien- 
cies must be corrected before manuscripts can be reviewed. 

Send manuscripts to the Editor, Morton F. Goldberg, MD, Univer- 
sity of Illinois Eye and Ear Infirmary, 1855 W Taylor St, Chicago, IL 
60612; (312) 996-2327. Manuscripts are received with the under- 
standing that they have not previously been published anywhere in 
any language and are not under simultaneous consideration by 
another publication. A complete manuscript submitted following 
presentation or publication of preliminary findings elsewhere (eg, 
in an abstract) can be considered. Include copies of possibly 
duplicative material. Accepted manuscripts become the permanent 
property of the ARCHIVES and may not be published elsewhere 
without permission from the publisher (AMA). After initial 
publicatien, certain articles will appear in translation in the 
Chinese-language edition. 

The text should, in general, not exceed 14 double-spaced type- 
written pages. 

Transmittal letters to the editor must contain the following language: 
“In consideration of the American Medical Association’s taking action 
in reviewing and editing my submission, the author(s) undersigned hereby 
transfers, assigns, or otherwise conveys all copyright ownership to the 
AMA in the event that such work is published by the AMA.” This 
statement must be signed by all authors listed before it can be sent out 
for review. We regret that transmittal letters not containing the 
foregoing language signed by all authors of the submission will 
necessitate delay in the review of the manuscript. 

In case the work was done by a federal employee, each author 
must inclade a signed statement that the work reported was done 
while he ersshe was employed by the federal government. 

Author Responsibility. —All accepted manuscripts are subject to 
copy editing. The corresponding author will receive an edited 
typescrip: rather than galley proofs for approval. The author is 
responsibiefor all statements in his work, including changes made 
by the capy editor. Designate one author as correspondent and 
provide kis address and telephone number. A manuscript should 
not ordinarily list more than six authors. If more than six authors 
are listed. a detailed written description of each person’s personal 
contributzons should be submitted with the manuscript. Such 
contributzons must be substantial. 

Manuseript Preparation.—Submit an original typescript and two 
high-quality copies. All copy (including references, legends, and 
tables) macst be typed double-spaced on 21.6 x 27.9-cm (8% x11- 
in) paper Margins of at least 2.5 cm (1 in) must be provided. If a 
word prosessor is used, do not justify the right margin. 

Titles.— Titles should be short, specific, and clear and typed on a 
special page. They should not exceed 42 characters per line, 
including punctuation and spaces, and be limited to two lines, if 
possible. The title page should include the first name, middle 
initial, and last name of all authors with their highest academic 
degree amd professional affiliation of all authors and city location. 
It shoulé also include the address (if different from the senior 
author’s) ‘te which requests for reprints should be sent. 

Informed Consent.—Manuscripts reporting the results of experi- 
mental investigations of human subjects must include a statement 
to the efect that legal requirements governing consent were 
met. 

Refer so patients by number, eg, patient 1 (or, in anecdotal 
reports, by fictitious given names). 

Proprietary Statement.—If the article discusses in any way a 
deviee, equipment, an instrument, or a drug, the author(s) must 
state in 2 footnote whether they do or do not have any commercial 
or proprietary interest in the product or company. Likewise, they 
must reveal whether they have any financial interest as a 
consultamt, reviewer, or evaluator. In addition, authors must 
disclose any financial interest owned by a spouse, minor child, 
blood relative living in the same household, or known to be held by 
the auther’s employer, partner, or business associate. 

Abstract.—Provide an abstract (135-word maximum) of the 
article, including statements of the problem, method of study, 
results, and conclusions. The abstract should be specific and 
sufficientty complete to allow the reader a quick evaluation of the 


Arch Oprthaimol—Vol 107, August 1989 


paper. Do not include a “summary” section in the main manu- 
script. 

References.—List references in consecutive numerical order (not 
alphabetically). Once a reference is cited, al subsequent citations 
should be to the original number. All references must be cited in 
the text or tables. Unpublished data and personal communications 
should not be listed as references but pareathetically within the 
text. References to journal articles should imelude (1) author(s) (if 
more than six, write “et al” after the third name), (2) title, (3) 
journal name (as abbreviated in Index Medicus), (4) year, (5) 
volume number, and (6) inclusive page numbers, in that order. 
References to books should include (1) author(s), (2) chapter title 
(if any), (3) editors (if any), (4) title of beok, 5) city of publication, 
(6) publisher, (7) year, and (8) page, if indicated. Authors are 
responsible for the accuracy of the references. 

SI Units.—Use Système International (SI) measurements 
throughout the manuscript. (Exceptions are visual acuity mea- 
surements and intraocular pressure recordings.) 

[llustrations.— Use only those illustrations that clarify and aug- 
ment the text. More than ten total illustrctions per manuscript 
would have to be justified. Submit illustrations (5x7 in) in 
triplicate, unmounted and untrimmed. Do not send original 
artwork. Send high-contrast glossy prints. *igure number, name 
of senior author, and arrow indicating “top” should be typed on a 
gummed label and affixed to the back of each illustration. 
Illustrations submitted for publication may be relettered 
to achieve uniformity of lettering style throughout the journal. 
Magnification and stain should be provided when pertinent. 

Illustrations in full color are accepted ‘or publication if the 
editors believe that color will add significantly to the published 
manuscript. Please submit one set of positive -ransparencies (35 mm 
slides) and two sets of color prints. The ARCHIVES will pay part of the 
expense of reproduction and printing color illustrations, the remain- 
der to be borne by the author. Submit a statement indicating 
author’s willingness to accept this cost. After deducting the AR- 
CHIVES’ contribution, the author’s share is $490 for up to six square- 
finished illustrations that can be arranged on a one-page layout. Any 
additional illustrations or special effects will be billed to the author 
at cost. 


































PLEASE Note: Most COMMON ERR@RS TO AVOID 
FOR BOTH ORIGINAL ARTICLES AND LETTERS TO THE EDITOR 
(SECRETARY'S CHECKLIST) 


— (1) Failure to send original typed manuscripts plus two 
copies. 

— (2) Failure to double-space entire manuscript (abstract, 
references, legends, and tables). 

— (3) References not in proper format, not in numerical 
order, or not cited in text. 

— (4) Use of 1%-spacing rather than double-spacing. Do 
not justify right margins. 

— (5) Failure to send three sets of dlustrations/photo- 
graphs or original color slides plus two sets of color 
prints. 

— (6) Title too long. 

— (7) Failure to label abstract or to provide abstract (not 
needed for letters to the editor), case reports, photo 
essays). Abstract too long. 

— (8) Incomplete or improper consent forms for patient 
photographs; improper or incomplete legends. 

— (9) Failure to include copyright transmittal form 
(needed for both original articles and letters to the 
editor). Failure to include proprietary statement. 

—(10) Failure to include all authors’ personal signatures 
on copyright transmittal form (see paragraph 3). 

—(11) Failure to designate the corresponding author and 
provide phone number and address. 

—(12) Failure to include consent forms for illustrations 
previously published elsewhere. Failure to indicate 
willingness to pay for author’s share of color illus- 

trations. 
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Questions and Answers—Questions for this section should be 
submitted to Stewart M. Wolff, Section Editor, Archives of 
Ophthalmology, 11 E Chase St, Baltimore, MD 21202. Such ques- 
tions are subject to editorial review and editing and will be 
published as space and editorial priorities permit. Questions 
should not exceed six double-spaced type lines. A signed copy- 
right transfer letter must be included (see the first page of 
“Instructions for Authors” for copyright transfer information). 

Legends.—Legends must be typed double-spaced, beginning on a 
separate sheet of paper. Length should be limited to a maximum 
of 40 words and should allow the illustration to be fully under- 
standable without recourse to the text. Use arrows, letters, etc, for 
enhanced understanding. 

Authorized Use of Photographs.—Recognizable photographs may 
be taken and published only if specifically consented to by the 
patient. To facilitate proof, the consent should be in writing. Any 
restrictions or limitations on the consent must be strictly 
observed; eg, eyes are blocked out only as a condition of consent. 
Consent forms must include a specific statement that photographs 
and information related to a case may be published either 
separately or in connection with each other, in professional 
journals or medical books, provided that it is specifically under- 
stood that the patient shall not be identified by name. Parental 
consent for publication of photographs and information related to 
the case must include signature of both living parents. Consent 
releases for minors without living parents must be signed by the 
legally appointed guardian. Submit consent forms with the manu- 
script. 

Acknowledgments.—I]lustrations from other publications are 
rarely published but if used must be acknowledged. Include the 
following when applicable: author(s), title of article, title of 
journal or book, volume number, page(s), month, and year. The 
publisher’s permission to reprint must accompany the manu- 
script. 

Statistical Consultation.— We recommend that statistical consul- 
tation be obtained as early as possible for studies with statistical 
content. The name and affiliation of the statistical consultant (if 
different from the author should be included. 

Tables.—Each table should be typed double-spaced, including all 
headings, on a separate sheet of 21.6x27.9-em (8% x 11-in) 
paper. Do not use larger paper. If a table must be continued, use a 
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From the Archives of the Archives 


The closer you look, the more you'll see 


To facilitate the recognition of sclerosis of the retinal arteries which can be 
interpreted as a part of a diffuse vascular disease, I suggested classifying 
retinal arteriosclerosis into four types: consecutive (hypertension), primary, 
secondary (postinflammatory) and senile. I attempted to distinguish from 
among the general signs of sclerosis, those which were especially characteristic 
of each of these groups. Thus, I called attention to the relatively uniform 
involvement of the arteries and especially to their generalized constriction in 
the hypertension type, to the more irregularly distributed and the more 
obliterative character of the sclerosis in the primary (atheromatous or inflam- 
matory) type, to the predominance of perivascular changes in the sclerosis 
secondary to edema or inflammation of the retina or optic nerve, and to the 
general attenuation of the vessels, and their loss of sheen in the senile 


SOURCE: Wagener HP. Sclerosis of the retinal arterioles. 


—————— aU 


Edited by Jean Schaffner, Editorial Assistant. 


second sheet and repeat all heads and stubs. Each table must have 
a title. 

Photo Essay.—Manuscripts for this section should emphasize 
the visual aspects of the subject presented. The picture(s) should 
be of high quality and should be self-explanatory. The photo- 
graphs can be of clinical entities, laboratory studies and findings 
(eg, smears, histologic sections), diagnostic techniques (roentgen- 
ograms, computed tomographic scans, magnetic resonance image, 
ultrasound, ete), therapeutic procedures, or a combination. The 
photo essay should not necessarily result in brief clinicopathologic 
report. Rather, it should be a collection of diverse photos that 
convey an important clinical or laboratory story which becomes 
self-evident upon inspection of the illustrations. A concise essay, 
limited to 250 words, describing the clinical or laboratory infor- 
mation, photograph(s), and a brief list of references (five or less), 
if pertinent, should be submitted in triplicate. There is no limit on 
the number of photos, but articles will be limited to one to two 
printed pages, and all material must fit into this format. Refer to 
the general “Instructions for Authors” for other requirements. 

Correspondence and Case Reports.—Contributions to this section 
may include comments on articles published in the ARCHIVES, 
informative case reports, or other matters of ophthalmic interest. 
Such letters are subject to editorial review and will be published 
as space and editorial priorities permit. Published letters will be 
listed by author and title in the table of contents, and authors and 
subjects are indexed by the major indexing services. Letters to the 
editor and Case Reports ordinarily should not exceed 500 words in 
length. There should be a maximum of three references. Two 
figures or one figure plus one table can be printed. The typescript 
should be double-spaced with a ragged right hand margin and 
submitted in triplicate. A copyright transmittal letter signed by 
all authors must accompany the letter. Please refer to “Instruc- 
tions for Authors” for additional requirements. 

Reprints.— Reprints can be ordered at the time the typescript is 
returned after editorial processing. 

AMA Manual of Style.—This 1988 edition, formerly the Manual 
for Authors & Editors, is available from Williams & Wilkins, 428 E 
Preston St, Baltimore, MD 21202. Single copy price: $24.95. A 
shipping charge is added on all orders not prepaid. If additional 
ordering information is needed, or to order by telephone, call 
1-800-638-0672. 
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ih diseases” “Qj the ocular structures; or that are sensitive to any ingredient. Please see adjacent page for brief. prescribing information: | i 


















1 sterile ophthalmic suspension 






_ INDICATIONS AND USAGE: FML is indicated for the treatment of corticosteroid-responsive inflam- 
mation of the palpebral .and bulbar conjunctive, comes ‘and anterior segment of the globe. 
CONTRAINDICATIONS: FML is contraindicated in the following conditions. Epithelial herpes sim- 
plex keratitis (dendritic keratitis), vaccinia, varicella, and other viral diseases of the cornea and 
conjunctiva, tuberculosis of fhe eye, fungal diseases of the ocular structures and hypersensitivity 
to.any Ingredient of the medication. | 
|. | WARNINGS; Corticosteroid medication in the treatment of patients with a history of herpes simplex 

_ keratitis involving the stroma) requires great caution; frequent slit lamp microscopy is mandatory. 
Prolonged use may result in elevation of {OP with damage to the optic nerve, defects in visual acuity 
-and fields of vision, and/or in posterior subcapsular cataract formation. it may also aid in the estab- 
1. lishment of secondary ocular infections from fungi or viruses liberated from ocuiar tissues. 
{Various ocular diseases and long-term use of topical corticosteroids have been known to cause 
| comeal ond scieral thinning, Use of topical corticosteroids in the presence of thin corneal or scleral 
f- tissue may lead fo perforation, 
| -Acute purulent untreated infection of the eye may be masked or activity enhanced by the presence 
of corticosteroid medication. 

PRECAUTIONS: General: As fungal infections of the cornea are particularly prone to develop coin- 





















| cidentally with long-term focal corticosteroid applications, fungal invasion must be suspected in 
| -99Y persistent comeal ulcerotion where a corticosteroid has been used or is in use. 
intraocular pressure should be checked frequently. 

Carcinogenesis, mutagenesis, Impairment of fertility: No studies have been conducted in animats 
fin humans fo evaluate the possibility of these effects with fluoromethotone. 

nancy Category C: Fluorometholone has been shown to be teratogenic and embryocidal in 
bits when given in doses approximating the human dose and above. There are no adequate, 
well-controlled studies in pregnant women, Fluorometholone should be used during pregnancy 
nly if the potential benefit outweighs the potential risk to the fetus, 


orometholone was ocularly applied fo both eyes of pregnant rabbits at various dosage levels 
n days 6 to 18 of gestation. A significant dose-related increase in fetal abnormalities and in fetal 
OSS wos observed. 
: Nursing Mothers: 1 is not known whether topical ophthalmic administration of corticosteroids could 
~-tesull in sufficient systemic absorption to produce detectable quantities in breast milk, neverthe- 
-. 158, fhe physician should consider having the patient discontinue nursing while the drug is being 
| administered, 
_ |. Padlatric Use: Safety and effectiveness in children have not been established. 

| ADVERSE REACTIONS: Adverse reactions include, in decreasing order of frequency, elevation of 
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intraocular pressure (OP) with possible development of optic nerve damage; loss of visual acuity 



























or defects in fields of vision: posterior subcapsular cataract formation; and delayed wound healing. 


The following hove also been reported after the use of topical corticosteroids: Secondary ocular 
infection from pathogens liberated from ocular tissues and, rarely, perforation of the globe when 


_used in conditions where there is thinning of the cornea or sclera, 
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OREGON 


ae Immediate opening for general ophthalmologist with 
-| multi-specialty group in beautiful Pacific Northwest. Po- 
| sition provides opportunity to practice truly significant 

| ophthalmic medicine and surgery in vigorous, congenial 
| group of eight within the Kaiser Permanente program, 
Northwest Region. Competitive salary and comprehen- 
sive benefits package, including generous pension pro- 
gram, sabbatical leave and professional liability coverage. 

rward inquiry with CV to: 





Fred M. Nomura, M.D. 
Regional Medical Director 
Northwest Permanente, P.C. 
3600 N. Interstate Avenue 
Portland, Oregon 97227 








lowa 52242. 





Fellowship available in Cor- 
neal External Disease— 
Contact Lenses/Anterior 
Segment July 1990-1991. 


Write: 

Department of 
Ophthalmology 

University of 
Connecticut 

Farmington, CT 
06032 

203-521-7560 


Attn: P.C. Donshik, M.D. 








ASSOCIATE IN 
OCULAR VASCULAR DISEASES 


The Ocular Vascular Service of the 
Department of Ophthalmology, Univer- 
sity of lowa, College of Medicine, has 
an opening for an ophthalmologist at 
the Associate level, beginning July 1, 
1989. The candidate must have had a 
residency in ophthalmology and pref- 
erably boards in ophthalmology or 
equivalent certification from abroad. 
Research experience in ophthalmology, 
preferably in retinal or vascular disor- 
ders, is highly desirable. 


The University of lowa is an equal 
opportunity and affirmative action em- 
ployer. Minorities and women are en- 
couraged to apply. Interested persons 
are invited to direct inquiries and sub- 
mit vitaes with names of three refer- 
ences to: S. S. Hayreh, M.D., Ph.D., 
D.Sc., Department of Ophthalmology, 
University of lowa Hospitals, lowa City, 


















‘Normal’ Gveraction of Inferior Oblique Muscles 


| Ta the Editor. —Once again an article' has been published 
-proclaiming the benefits of an operation to correct overac- 
tive inferior oblique (OAIO) muscles. 

_ Inferior oblique muscle surgery is so suecessful because 
~ OAIO is axconcition that disappears with maturity. Unfor- 
o tunately, today’s pediatric ophthalmologists do not do 
many motility examinations on adults and so are not 
` struck by the observation that adults do not have OAIOs. 


ae 





Almost 40 years ago Scobee’ referred to the “normal 
> overaction cf the inferior oblique muscle” due to the 
_ interruption of fusion by the nose on lateral gaze. Even 
then it was neted to be more common in tropic patients 
with no fusion. An OAIO is never seen in adults unless it is 
secondary. to a damaged ipsilateral superior oblique mus- 
_. cle, The GAIO responds to so many different weakening 
procedures because it also goes away without surgery. 
- Except inrare instances, the OAIO should not be surgical- 

ly corrected.’ 






ARTHUR W. FLEMING, MD, FACS 
Pittsburgh, Pa 





X Mims JLIĦM, Wood RC. Bilateral anterior transposition of the inferior 
obliques. Arch @pithalmol. 1989,107:41-44. 
ore & Seobee RC. Fhe Oculorotary Muscles. 2nd ed. St Louis, Mo: CV Mosby 
Seek Si gy LORRI 
ne w > 8 Fleming AW. Overactive inferior oblique muscle. Ann Ophthalmol. 
a PTO 5 Ee U1 T. 


In Reply.—Dr Fleming is correct in his observation that 
many children with small hypertropias of the adducting 
eye on upand:right gaze or up and left gaze will lose these 
gaze-specific hypertropias as they mature. Children who 
have a left kypertropia in moderate right gaze and a right 
= hypertrepia in moderate left gaze will, however, almost 
` always demenstrate persistence and progression of overac- 
1 of their inferior oblique muscles. This is why we 
ardec smail amounts of recurrent hypertropia on up 
ight gaze or up and left gaze as benign, and reserved 
~ repeated surgery (extirpation of the inferior oblique mus- 

_ eles) for those few cases in which hypertropias returned on 
side gazes. 

I have seen several adults with neglected infantile 
esotropia with extremely severe primary overaction of one 
or both inferwr oblique muscles. Also, the very moment 
that a copy of Dr Fleming’s letter arrived in my office, I 
=o khad just finished examining a child with progressively 
severe inferior oblique overaction. The hypertropias had 
_ appeared on extreme side gazes about 1 year earlier, and 

: the degree to which the child could look into side gazes 
without breaking into a hypertropia had been narrower on 
each of several successive examinations over the preceding 
year. I have seen this type of progression in many of my 
patients. Alse, I would be concerned with Dr Fleming’s 
- notion that all children with inferior oblique overaction 
_ will outgrow the problem; this is not only incorrect, but 

potentially dangerous for the child with impending V- 

tern late secondary exotropia with OAIO muscles who 
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is in dire need of a prompt inferior oblique weakening ` 
procedure. ne 
JAMES L. Mims II, MD 
Sar Antonio, Tex 


Initiation of Amblyopia Treatment in Monocular 
Congenital Cataracts 


To the Editor.—Drummond et al' receatly reported visual 
results in 14 patients after treatment for monocular con- 
genital cataracts. The period between surgery and optical 
correction with initiation of therapy for amblyopia ranged 
from 5 days to 13 weeks, with an average of 4 weeks. One of 
their patients (case 2), operated on at age 11 weeks, was op- 
tically corrected, and patching was inifiated for amblyopia _ 
at age 17 weeks, achieving a visual acuity of 20/25. In an- 
other patient (case 6), who was operated on at age 9 weeks, 
optical correction and patching for amblyopia were initi- 
ated at age 17 weeks, achieving a visaal acuity of 20/60. 
These very good visual acuity results occurred despite a 
significant delay in visual rehabilitatien after surgery. 
Although we applaud the visual acuity results obtained 
by Drummond et al, we suggest ar alternative method to _ 
allow immediate initiation of treatment of amblyopia. It 
has been our experience, in over 100 patients with monoc- _ 
ular and binocular infantile cataracts-operated on during — 
the past 10 years, that contact lenses can be routinely fitted _ 
at the end of the surgical procedure. with patching initiated — 
at day 1 postoperatively, when indicated. The contact lens _ 
power can easily be determined preoperatively as a function 
of axial length and corneal radius ef curvature, or by — 
streaking immediately after cataract removal. We cur- 
rently use silicone soft contact lenses (Silsoft, Bausch & 
Lomb Inc, Rochester, NY), overcorrecting by 3 diopters the _ 
patient’s hyperopia. Although ophthalmic drops are com- 
patible with silicone soft contact lenses, we use drops for _ 
postoperative medication to minimize ointment-induced  _ 
visual blur. A multiperforated protective shield and no ~ 
patch on the eye operated on allow early postoperative 
treatment of amblyopia. Unnecessary delays in visual 
rehabilitation are thus avoided. Lee 
The critical period for profound amblyopia after unilat=- 
eral visual deprivation? is believed te extend in humans 
from birth to approximately 2 months of age.’ Accordingly, 
some surgeons affirm that remova! of a congenital monoc- 
ular cataract is not indicated beyond age 3 months. The data 
of Drummond and coworkers, however, support previous 
reports‘ of good visual acuities in patients with monocular 
cataracts in whom therapy for amblyepia was initiated at 
up to age 4 months. Initiating optical correction and patch- 
ing at age 17 weeks after a treatment-free interval of sev- 
eral weeks after surgery is probab’y equivalent to cataract 
















that our approach allows surgery for monocular congenital — 

cataracts to be considered at least until age 17 weeks. = 
A. AGUIRRE TiLA-Coro, MD, PHD ~ 
MaLcoLM L. Mazow, MD a 
Houston, Tex 
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In Reply.—We thank Drs Vila-Coro and Mazow for their 
comments regarding the optical rehabilitation of infants 
after cataract surgery. Their technique of fitting a contact 
lens at the time of surgery is advantageous in reducing the 
duration of visual deprivation experienced by these chil- 
dren. We have used the same approach on some of our pa- 
tients over the past few years, although most patients are 
fitted with a contact lens within 7 to 10 days after surgery. 

We have found that the evaluation of the fit and power of 
the contact lens is not always easy at surgery. The globe 
may be distorted from low intraocular pressure and tight 
wound closure, and conjunctival edema may affect the fit of 
the lens. Air in the anterior chamber or corneal edema will 
disrupt the retinoscopic reflex. 

We appreciate Drs Vila-Coro and Mazow sharing their 
extensive experience. It would be interesting to know if they 
have had any problems with their approach. 

RONALD V. KEECH, MD 

WILLIAM E. Scott, MD 

GARRY T. DRUMMOND, MD, FRCSC 
Edmonton, Canada 


The Facial Nerve in Eyelid Surgery 


To the Editor.—The anatomy of the facial nerve within the 
various facial muscles that they innervate is quite impor- 
tant yet is seldom mentioned in the literature. Surgeons 
who perform eyelid or brow surgery should be concerned 
with the location of those fibers from the temporal and 
zygomatic branches that innervate the orbicularis oculi 
muscles.' Interruption of these nerves prior to entry into 
the orbicularis or within the distribution of the orbicularis 
may, at least temporarily, prevent full closure of the 
eyelids, resulting in possible corneal damage. 

The facial nerve exists from the styloid canal in the 
mastoid process of the temporal bone, and then passes 
beneath the external auditory canal to enter the posterior 
substance of the parotid gland.2* Here it divides into an 
upper (temporofacial) and lower (cervicofacial) branch. 
The upper branch further divides into temporal and Zygo- 
matic branches; the lower branch divides into buccal, 
mandibular, and cervical branches. These various 
branches often have numerous anastomoses with one 
another. They course forward, leaving the parotid gland on 
the superoanterior side, and passing to the facial muscles, 
which are entered on their deep surfaces. Davis and 
associates’ described six branching patterns of the facial 
nerve, ranging from direct extensions to complex plexi- 
form arrangements of the nerve. 

The course of the seventh nerve fibers within the 
orbicularis muscle can be appreciated when performing 
any number of eyelid procedures (such as browplasty, 
blepharoplasty, ptosis correction, and myectomy) that 
involve dissection in the suborbicularis fascial plane, since 
the vertically oriented eyelid branches of the seventh nerve 
(Figure) lie in this fascial plane. 
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Sympathetic fibers to Miiller’s muscle lie deep to this 
plane, posterior to the levator aponeurosis or Miiller’s 
muscle, while sensory fibers travel in a more superficial 
plane close to the skin. These seventh nerve fibers are 
routinely cut at many eyelid surgeries, giving rise to a 
temporary localized paralysis of the orbicularis muscle 
distal to these nerves. Therefore, it is not surprising that 
patients have orbicularis weakness, poor eyelid closure, 
mild lagophthalmos (1 to 2 mm), and tearing from corneal 
irritation and lacrimal pump failure following many eyelid 
surgeries. 

When one considers that these vertically oriented nerves 
innervating the orbicularis muscle are transected, it is 
actually surprising that these surgeries do not induce more 
and longer-lasting corneal problems. Fortunately, these 
peripheral branches of the facial nerve fibers uniformly 
regenerate with time. However, it is very important for 
surgeons to be aware of their location, for patients and 
surgeons to anticipate this temporary eyelid paresis, and 
to maintain ocular lubricant therapy to ensure adequate 
corneal protection. The seventh nerve function generally 


Top, The peripheral eyelid seventh nerve fibers are seen (arrow) when 
opening the suborbicularis fascial plane during ptosis surgery. Bottom, 
The seventh nerve fibers in the eyelid are undermined with scissors to 
better demonstrate their vertical course in the eyelid. 
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returns to normal within 4 to 6 weeks, and the affected 
eyelid again functions normally. 
Davip R. JORDAN, MD 
RICHARD L. ANDERSON, MD 
Salt Lake City, Utah 


This report was supported in part by an unrestricted grant to the 
Department of Ophthalmology, University of Utah School of Medicine, Salt 
Lake City, from Research to Prevent Blindness Ine, New York, NY. 

Dr Jordan ismow with the Department of Ophthalmology, University of 
Ottawa, Canada. 
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Cicatricial Pemphigoid Associated With 
penicillamine Treatment 


To the Editor—p-penicillamine is a heavy metal chelator 
used in the treatment of Wilson’s disease, heavy metal poi- 
soning, cystinuria, rheumatoid arthritis, primary biliary 
cirrhosis, and scleroderma. The administration of D-peni- 
cillamine in the treatment of these diseases has been shown 
to be effective, but numerous side effects have been ob- 
served, among which are the induction of autoimmune dis- 
eases of the skin, such as pemphigus, disseminated lupus 
erythematosus, and dermatomyositis. More autoimmune 
skin diseases appear to be induced by D-penicillamine when 
it is used in the treatment of rheumatoid arthritis than 
when it is used in the treatment of other nonautoimmune 
diseases. 

A 54-year-old woman diagnosed in December 1967 to have 
rheumatoid arthritis developed xerostomia and nonspecific 
ocular discomfort in 1981, diagnosed as Sjégren’s syndrome. 
Beginning in May 1984, she received treatment with 125 
mg/d of indomethacin and 250 mg/d of D-penicillamine. In 
April 1985, she developed odynophagia with the appearance 
of ulcerative lesions in the mouth and increased discomfort 
im the right eye. One month later, blistering lesions ap- 
peared on the trunk, inferior extremities, and perineum. 
This was accompanied by asthenia, anorexia, and fever with 
a weight loss ef 8 kg. In June 1985, she was admitted to the 
Hospital Princes of Spain, Barcelona, for study. 

At the time of her admission she had general malaise, 
blisters in the mouth and on the hard palate, and multiple 
erosions on the skin of the trunk, extremities, and perine- 
um. She had conjunctivitis, symblepharon, and entropion in 
both eyes. Direct immunofluorescence of skin lesions 
showed a linear band of IgG, IgA, and C3 along the base- 
ment membrane zone. Biopsy of clinically unaffected skin 
showed the same pathological findings. 

With the diagnosis of cicatricial pemphigoid, D-penicil- 
lamine therapy was discontinued and treatment was 
started with a combination of 60 mg/d of oral prednisone 
and 150 mg/d of cyclophosphamide. In the following weeks 
there was rapid improvement with a marked reduction in 
ocular inflammation and cessation of blistering. In October 
1985, the patient developed a sterile corneal ulceration in 
the right eye with a descemetocele requiring a lamellar 
keratoplasty. At this surgical procedure, a biopsy of the 
conjunctiva was performed. Direct immunofluorescence 
showed the presence of IgG, IgA, and C3 in the basement 
membranezone. After the keratoplasty the graft vascular- 
ized, limiting vision to hand motions. 
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In February 1987, after 18 months of follow-up, the pa- 
tient was asymptomatic while receiving treatment with 75 
mg/d of cyclophosphamide and 30 mg/d of prednisone. 
During this treatment she has not experienced any prob- 
lems, except for herpes zoster of the right geniculated gan- 
glion, which produced Ramsay Hunt syndrome. 

Cases of fibrosis and conjunctival retraction with the 
topical use of epinephrine and echothiophate iodide have 
been reported, as well as after systemic administration of 
practolol. Up to the present time, however, only four cases 
of cicatricial pemphigoid secondary te administration of D- 
penicillamine have been reported, to cur knowledge.'” In all 
cases, the D-penicillamine was administered for the treat- 
ment of rheumatoid arthritis. 

T. MARTI -HUGUET, MD 
M. QUINTANA, MD 

I. CABIRO, MD 
Barcelona 
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Modification of Lacrimal Probe 
Facilitates Silicone Intubation 


To the Editor.—Silicone intubation is a well-recognized 
modality for the treatment of many lacrimal drainage 
disorders.! Although a variety of instruments and tech- 
niques have been devised for the intubation procedure’? 
even experienced surgeons may encounter difficulties, 
particularly when attempting to retrieve the probe from 
within the nose. These difficulties are partly a consequence 
of the compact anatomy of the inferior meatus. 

The nasolacrimal duct opens inte the inferior meatus 
from the lateral nasal wall. Below this ostium, the lateral 
wall slopes medially toward the floor of the nose, and 
opposite the lateral wall is the bullous inner aspect of the 
inferior turbinate. The space that separates these two 
structures (comprising the inferior meatus) is narrow and 
obliquely angled. Since the nasolacrimal duct is oriented 
nearly vertically, a standard straight lacrimal probe 
emerging from the ostium will tend te press against the 
mucosa of the lateral wall (Fig 1, left), or possibly dissect a 
false passage beneath the mucosa.’ Thus, the probe tip may 
traumatize the mucosa, cause bleeding, and make retrieval 
difficult. We have devised a simple modification of the 
probe that takes into account these important spatial 
relationships, and thereby facilitates retrieval of the probe 
during silicone intubation. 

We use a Crawford-style probe (Jedmed Corp, St Louis, 
No. 28-0185, with an olive-tipped 0.50-mm-diameter stain- 
less steel wire) and intubation set. The modification 
described herein could be applied te any sufficiently mal- 
leable lacrimal probe. 

Using the thumb and index finger, a small bend is 
created approximately 8 mm from the tip of the probe, to a 
30° angle. We also create a “reference bend” about 6 cm 
above the bent tip in the same direction (Fig 2). This 
reference bend is used to determine the orientation of the 
lower bend during probing, when the tip is hidden from 
view. 

The initial steps of probing and intubation are per- 
formed in the usual manner. As the tip of the modified 
probe is passed through the inferior portion of the nasola- 
crimal duct, the reference bend is turned medially, thus 
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Straight Probe Modified Probe 


Fig 1.—Left, Standard straight probe emerging from nasolacrimal duct 
tends to press against lateral nasal wall mucosa. Right, Modified probe 
tip is angled medially away from lateral nasal wall, directly into inferior 
meatus. 





Fig 2.—Crawford probe modified by bending lower 8 mm of probe to 
30° angle, and by creating “reference bend” 6 cm above tip. 


directing the bent tip medially. Because the angle of the tip 
approximates the orientation of the inferior meatus, the 
probe will pass freely into this space from the nasolacrimal 
duct (Fig 1, right), rather than pressing against the lateral 
nasal wall mucosa as a standard straight probe tends to do 
(Fig 1, left). The modified probe can then usually be easily 
engaged with a Crawford hook or grasped with a hemostat 
beneath the inferior turbinate and pulled out of the 
external nares, drawing the silicone tubing through the 
nasolacrimal duct. 

We have used this technique in over 27 pediatric and 
adult patients who required silicone intubation. We have 
found that it greatly aids retrieval of the probe, even when 
performed by relatively inexperienced residents-in-train- 
ing. Nasal bleeding and trauma to the nasal mucosa have 
been reduced. Because the probe is easier to retrieve, 
infracture of the inferior turbinate has rarely been neces- 
sary. Operating time has also been reduced, thereby 
improving patient care and decreasing potential morbidi- 
ty. 

DALE R. MEYER, MD 
JOHN V. LINDBERG, MD 
Morgantown, WVa 
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Importance of Computer Information Systems 


To the Editor.—The IN Focus feature by Foreman! in the 
January issue of the ARCHIVES quite correctly warns that 
the use of interactive diagnostic and therapeutic advice 
programs may carry significant liability risks. While it 
might indeed be wise to be wary of such programs for the 
near future, I believe that the legal and therapeutic risks 
will soon lie with the neglect of such decision programs. 

The practice of ophthalmology includes a multitude of 
tasks, some of which can now be, or will be, performed by 
machines (such as refractions, keratometry readings, or 
electrodiagnostic studies). One area of our profession that 
has been “protoplasmic” but that may soon be electronic is 
the formulation of the diagnosis and treatment plan for a 
patient. A complete and subtle differential diagnosis with 
an integrated knowledge of the current literature is the 
goal of our education, but a modest program will be able to 
handle such information better. 

Imagine if the American Academy of Ophthalmology 
spent its energies evaluating diagnostic criteria and thera- 
peutic alternatives, and used that knowledge to formulate, 
educate, and update a diagnostic program. The knowledge 
and judgment of the collective profession would be instant- 
ly available for consultation. The program could interact 
with either a patient or a physician. Questions to be asked, 
signs to be looked for, and tests to be performed would be 
listed, and further decisions could be made based on that 
information. 

Management suggestions for the most likely diagnoses 
would be as current and complete as the experts in our 
profession could make them. Diagnostic and therapeutic 
measures could also be weighted with their costs and 
likelihood of success to meet the onrushing requirements 
of managed care. The program would be updated constant- 
ly as literature, technology, and other circumstances dic- 
tated, while out-of-date measures would be erased. Is there 
any ophthalmologist who would argue that he or she could 
manage the data and the decision tree nearly as efficiently 
as can the computer software program? 

Such a decision program, reflecting the best judgment of 
a professional society, constantly edited and updated, 
would be a tool whose use would likely become standard 
practice. Whether such a program is a “tool” used by the 
physician or a part of the medical “services” provided by 
the profession is a close call, but the individual physician 
who failed to give a patient access to such a valuable 
technology should be liable if the patient were thereby 
harmed. 

Why shouldn’t we, as a profession, sponsor the creation 
of such a program, educate physicians on its use, and make 
it part of our routine practices? Liability should lie with 
the neglect of such a tool and not with its use. 

JOHN W. Lewis, MD, JD 
Houston, Tex 
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Corneal Damage From Improperly Cleaned 
Tonometer Tips 


To the Editor.—The report by Pogrebniak and Sugar' in the 
November 1988 issue of the ARCHIVES pointed out the 
potential corneal toxicity from hydrogen peroxide soaked 
tonometer tips. Fortunately, that case showed clearing of 
the cornea within 2 days. I recently encountered a more se- 
vere corneal burn from a tonometer tip that had been 
cleaned with a 3% solution of hydrogen peroxide. In this 
case, hydregen peroxide had been applied to the tonometer 
tip 30 minutes before using it on a patient. Because of the 
fear of viral transmission, the peroxide had not been irri- 
gated. The tip was moist at the time the pressure was taken. 
The patient noted blurred vision and pain following the ex- 
amination. 

By the next day, the patient had a perfect “O-shaped” 
epacity in the anterior stroma that was identical in size to 
the tip of the applanation tonometer. The opacity was dis- 
placed slightly nasally, bringing the edge of the ring into the 
visual axis. The patient’s visual acuity decreased to 20/25 
and it took 4 weeks for the lesion to fade away, leaving only 
a faint haze in the anterior stroma. Interestingly, the 
patient, who had 0.75 diopters of plus cylinder correction 
prior to the injury, was left with a spherical correction of 
—0.25 diopters after healing, and this change has remained 
stable. 

The fear of spreading disease with the tonometer tip has 
encouraged all of us to engage in much more stringent 
eleaning procedures. These cases, along with a recent 
description of an alcohol corneal burn from a tonometer 
tip, point out that these asepticizing agents are themselves 
potentially texic to the cornea, and appropriate care must 
be taken when they are used. 

JEREMY E. LEVENSON, MD 
Santa Monica, Calif 
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Intact Bell’s Phenomenon in a Patient 
With Myasthenia Gravis and Upward Gaze Paresis 


To the Editor.—Bell’s phenomenon is one of several physi- 
ologic facial-ocular synkineses. It usually consists of out- 
ward and upward rolling of the eyes when forcible efforts 
are made to close the eyes against resistance.'°* The 
presence of this movement in patients who cannot volun- 
tarily elevate the eyes indicates that brain-stem pathways 
between the facial nerve nucleus and that portion of the 
oculomoter nerve nucleus responsible for elevation of the 
eyes are intact.” Such patients are said to have “supranu- 
clear” paralysis of upward gaze. 

We recently examined a 32-year-old woman who devel- 
oped bilateral ptosis and ophthalmoparesis over the course 
of several weeks. When she was examined initially, the 
patient had almost complete bilateral ptosis and ophthal- 
moparesis. She could not voluntarily elevate either eye 
above midline, and oculocephalic testing (“doll’s head 
maneuver”) failed to improve eye movement in any direc- 
tion. However, she had an intact Bell’s phenomenon in the 
right eye more than the left eye (Figure). Results of 
pharmacelogic and biochemical testing confirmed the 
diagnosis of myasthenia gravis, and the patient was 
treated with anticholinesterase agents and thymectomy, 
with improvement in ocular motility and reduction in 
ptosis. 
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Intact Bell’s phenomenon despite absence of voluntary upgaze or intact 
upward oculocephalic reflex. Top, In primery position, the patient has 
bilateral ptosis. Center, With the eyelids manually elevated, the patient 
is attempting to look upward. Bottom, When the patient attempts to 
close the eyelids tightly against manual elevation, both eyes elevate, 
the right more than the left. 


Limitation of eye movement in myasthenia gravis 
results from blockage of acetylcholine receptors of the 
extraocular muscles by one or more antibodies.'°*?**) The 
more receptors that are blocked, the less likely that 
acetylcholine released into the neuremuscular junction 
will bind to enough undamaged receptors to produce eye 
movement. The presence of a Bell’s phenomenon in the 
absence of either voluntary eye movement or movement of 
the eyes during the oculocephalic maneuver suggests that 
attempting to close the eyes against resistance produces a 
stronger stimulus for eye movement than does either 
attempted voluntary eye movement or vestibular stimula- 
tion by the oculocephalic maneuver, thereby releasing 
more acetylcholine at the neuromuscular junction of the 
extraocular muscles. The findings in eur patient also may 
explain the presence of an intact Bell’s phenomenon in 
some patients with supranuclear disorders of upward gaze 
but with no improvement in upward eye movement during 
oculocephalic testing. 

NEIL R. MILLER, MD 
JOHN GRIFFIN, MD 

Davip CoRNBLATH, MD 
CHRISTOPHER GUERIN, MD 
Baltimore, Md 


Reprint requests to The Wilmer Eye Institute, Maumenee B107, The 
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of experience i 
is built into our new Vision Tester. 


And that’s just one excellent reason for investing in the new Topcon 
VT-10 Vision Tester. Besides its geared, synchronized cross-cylinders, 
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Additionally, the superior optical coating on all lens components 
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brightness. And the VT-10's automatic convergence 
mechanism and smoothly operating controls help to 
assure fast and highly accurate refractions. You get all 
this, and more, at avery affordable price. 

With the introduction of the VT-10, Topcon continues 
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Disposable Extended-Wear 
Contact Lens-—Related 
Keratitis 





To the Editor.—Disposable extended- 
wear sof: contact lenses have recently 
been introduced in the United States 
(Acuvue. Johnson & Johnson New 
Brunswick, NJ). These lenses are dis- 
pensed in a sterile nonpreserved buff- 
ered saline solution. The lenses are in- 
tended te be placed in the eye directly 
from this solution for 1 week, and then 
dispesedof. One theoretical advantage 
of this type of disposable contact lens 
is a decrease in contact lens-related 
microbial keratitis. We recently exam- 
ined a patient with a bacterial kera- 
titis associated with disposable ex- 
tended-wear seft contact lens usage. 


Report of a Case.—A 50-year-old woman 
with a l-year history of disposable soft 
contact lens usage routinely removed the 
contact lenses from their case, irrigated 
them with a sterile nonpreserved aero- 
solized saline solution, and inserted them in 
her eyes. She removed and disposed of her 
lenses after 7 to 9 days of wearing. The pa- 
tient presented to us on December 27, 1988, 
with a 1-day history of redness and pain in 
the right eye. The patient had removed her 
contact lenses 15 hours prior to presenta- 
tion. Examination of the right eye revealed 
al-mm peripheral corneal epithelial defect 
with an underlying suppurative anterior 
stromal infiltrate in the superior nasal 
quadrant. Diagnostic corneal cultures and 
smears were performed, and the patient 
was given intensive therapy with cefazolin 
sodium and tobramycin sulfate drops. The 
contact lenses, saline solution, and nozzle of 
tke salire bottle were cultured, and all 
yielded heavy growth of Pseudomonas 
aeruginosa in 24 hours. The patient’s kera- 
titis reselved with antibiotic therapy. 


Comment.—The etiology of ex- 
tended-wear soft contact lens-related 
microbial keratitis is not completely 
understeed, but it appears to be a 
pelyfactoria! problem. Environmental 
contamination of the contact lenses by 
infecteé saline solutions has been 
implicased.'! Disposable extended- 
wear contact lenses taken directly 
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from a sterile case and placed into the 
eye would eliminate this type of con- 
tamination. Supporting this theory is 
a recent report by Prause et al,’ in 
which no bacteria or fungi were visu- 
alized by light or scanning electron 
microscopy of disposable contact 
lenses after 1 to 43 days of use. 

The protocol established by the 
manufacturer was not followed in the 
case of our patient, where she irrigated 
the lenses with contaminated saline 
solution prior to insertion. We recom- 
mend that patients be instructed not to 
irrigate their disposable soft contact 
lenses after removing them from the 
saline solution in their sterile packet. 

Interestingly, this patient’s kerati- 
tis developed approximately 7 days 
following insertion of her contact 
lenses. A critical bacterial colony 
count on the contact lenses may be re- 
quired to induce keratitis. We have 
noted the onset of bilateral Psewdomo- 
nas keratitis in an extended-wear soft 
contact lens wearer 1 week after irri- 
gating the lenses with contaminated 
saline solution before insertion.’ This 
suggests that 7 days is sufficient time 
for significant bacterial colonization to 
occur on contact lenses. Therefore, be- 
cause of the possibility of inadvertent 
environmental contamination, consid- 
eration should be given to shortening 
the duration of disposable contact lens 
wear to 3 to 5 days. 

STEPHEN M. RABINOWITZ, MD 
STEPHEN C. PFLUGFELDER, MD 
MARC GOLDBERG, MD 

Miami, Fla 


1. Mayo MS, Shlitzer RL, Ward MA, Wilson 
LA, Ahern DG. Association of Pseudomonas and 
Serratia corneal ulcers with use of contaminated 
solutions. J Clin Microbiol. 1987;25:1398-1402. 

2. Prause JU, Brincker P, Dreyer V, Uangsted 
P. Light microscopical and scanning electron mi- 
croscopical examinations of deposits on dispos- 
able constant wear lenses. Acta Ophthalmol. 
1988;66:3-8. 

3. Corrent G, Culbertson WW, Pflugfelder SC, 
Rosenfeld S, Mandelbaum S. Epithelial 
pseudomonal keratitis: evidence for a mechanism 
of bacterial keratitis in contact lens wear. Invest 
Ophthalmol Vis Sci. 1988;29:232. 
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Unilateral Arcus Lipoides 
Corneae With Traumatic 
Cyclodialysis in Two Patients 





To the Editor.—We would like to doc- 
ument two cases of unilateral arcus li- 
poides associated with traumatic cy- 
clodialysis in nonphthisical eyes. 


Report of Cases. —CASE 1.—A 63-year-old 
man without a history of systemic illness 
presented with a-unilateral cataract of the 
left eye. Ten years ealier, he had suffered a 
severe blunt ocular trauma from a tennis 
ball. On examination, visual acuity was 20/ 
20 OD and light perception in the left eye. 
By applanation tonometry, intraocular 
pressure was 18 mm Hg OD and 12 mm Hg 
OS. Slit-lamp examination, gonioscopy, and 
ophthalmoscopy of the right eye revealed 
no abnormalities, and in particular, no 
signs of corneal arcas lipoides. Examina- 
tion of the left eye disclosed a very marked, 
circular, and yeilow-white arcus lipoides 
extending through the entire corneal thick- 
ness, separated from the limbus by a clear 
zone (Fig 1). There was a mature cataract. 
On gonioscopy, a cyclodialysis was found 
nasally, extending 45°. One month later, an 
extracapsular cataract extraction with im- 
plantation of a posterior chamber lens was 
performed. Operative and postoperative 
courses were unremarkable. Visual acuity 6 
months postoperatively was 20/20. During 
a follow-up period of 2% years, vision in the 
left eye was stabie and intraocular pressure 
was between 10 and 15 mm Hg, constantly 
being lower thamin the right eye. The arcus 
lipoides did not show any signs of progres- 
sion or regression during follow-up, and the 
right eye did not develop any signs of arcus 
lipoides. 

CASE 2.—A 62-year-old man presented 
with a unilateral cataract of the left eye. 
Diabetes mellitus (controlled by diet) was 
known for 1 year. Fifteen years earlier, the 
left eye had suffered a severe blunt trauma 
from a piece of metal. On examination, vi- 
sual acuity was 20/20 OD and finger count- 
ing in the left eye. By applanation tonome- 
try, intraocular pressure was 10 mm Hg OD 
and 4 mm Hg OS. Slit-lamp examination, 
gonioscopy, and ophthalmoscopy of the 
right eye revealed no abnormalities. The 
left eye showed a marked circular corneal 
arcus lipoides. The arcus was more pro- 
nounced superiorly, extending through the 
entire corneal thickness and separated 
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Fig 1.—Case 1. Top, Unilateral arcus lipoides corneae. Bottom left, Uninvolved right eye. Bottom 
right, Involved left eye 2 years after cataract extraction and posterior chamber lens implantation. 





Fig 2.—Case 2. Top, Unilateral arcus lipoides corneae with traumatic cyclodialysis and ocular hy- 
potony of the left eye. Bottom left, Uninvolved right eye. Bottom right, Involved left eye. 


from the limbus by a clear zone (Fig 2). 
There was a dense cataract. Gonioscopy 
disclosed a cyclodialysis temporally extend- 
ing 45° and a postcontusional angle reces- 
sion superiorly extending 90°. Due to cata- 
ract, fundus examination was not possible. 
The B-scan did not reveal any pathologic 
findings. During a follow-up period of 1 year 
2 months, visual acuity, intraocular pres- 
sure, and arcus lipoides did not show any 
changes. 


Comment.—The clinical appearance 
of arcus lipoides in our cases was so 
typical to allow the diagnosis even in 
the absence of histologic findings. To 
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our knowledge, the clinical picture of 
unilateral arcus lipoides has not been 
appreciated and has not been men- 
tioned in the medical literature. Innes 
et al' described a case of unilateral 
Kayser-Fleischer ring in a patient 
with Wilson’s disease, the eye without 
the corneal ring being blind and mark- 
edly hypotonic after a perforating in- 
jury. 

The cause of unilateral arcus li- 
poides seems unclear. In both patients, 
the affected eye had suffered a severe 
blunt trauma with consecutive cyclo- 
dialysis and traumatic cataract. One 
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eye showed marked ocular hypotony 
and the other eye showed relative ocu- 
lar hypotony. There might be an asso- 
ciation of preceding ocular trauma 
with ocular hypotony and the develop- 
ment of unilateral arcus lipoides. Ac- 
cording to Cogan and Kuwabara,’ ar- 
cus lipoides depends on the presence of 
limbal blood vessels as a possible 
source of the lipid deposits. Vascular 
congestion and increased vascular per- 
meability are common features of ocu- 
lar hypotony and might possibly be in- 
volved in the development of unilat- 
eral arcus lipoides. 

GOTTFRIED O. H. NAUMANN, MD 

MICHAEL KUCHLE, MD 

Erlangen, West Germany 


This report was presented in part at the Asso- 
ciation of University Professors of Ophthalmol- 
ogy, Captiva Islands, Fla, February 14, 1989. 


1. Innes JR, Strachan IM, Triger DR. Unilat- 
eral Kayser-Fleischer ring. Br J Ophthalmol. 
1986;70:469-470. 

2. Cogan DG, Kuwabara T. Arcus senilis: its 
pathology and histochemistry. Arch Ophthalmol. 
1959;61:553-560. 





Idiopathic Sclerochoroidal 
Calcification 





To the Editor.—Previous reports of 
sclerochoroidal calcifications have in- 
cluded patients with renal disease, hy- 
perparathyroidism, pseudohypopara- 
thyroidism, sarcoidosis, vitamin D in- 
toxication, or primary hypercalcemia. 
We report a case of idiopathic sclero- 
choroidal calcifications. 


Report of a Case.—A 70-year-old white 
man was referred to us for evaluation of 
possible choroidal metastases from a pros- 
tatic carcinoma. The lesions were diagnosed 
during a routine ophthalmoscopic exami- 
nation. Visual acuity was 20/20 OD and 20/ 
30 OS. Anterior segment examination re- 
vealed only 1+ nuclear sclerosis bilaterally. 
Applanation pressures were 16 mm Hg OD 
and 17 mm Hg OS. The vitreous was clear. 

The ophthalmoscopie examination re- 
vealed normal discs, maculae, and vessels. 
However, numerous scattered yellowish 
solid choroidal plaques and nodules ele- 
vated the overlying retina in both eyes. The 
lesions had irregular geographic outlines 
and ranged from one half to several disc di- 
ameters in size. The retina appeared nor- 
mal, without subretinal fluid, pigmenta- 
tion, or neovascularization. 

The patient was believed to have meta- 
static prostatic carcinoma to the choroid. 
The results of a systemic evaluation were 
negative for metastases elsewhere or for 
recurrent disease in the prostate. A routine 
computed tomographic head scan did not 
reveal intracranial or orbital masses or os- 
seous abnormalities. The patient under- 
went local irradiation (4140 cGy total in 23 
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Fig 1.—Fundus phetograph of the left eye taken in 1986, showing multiple, scattered, and yel- 
lowish solid choreidal plaques. Note the irregular geographic outlines and variable sizes. Fundus 
appea=ance was unchanged 2 years later. 


sessions for 31 days). Ophthalmoscopy, per- 
fermeld 1 month later and then every 6 
montls for years, revealed no change (Fig 
1). Tle patient subsequently underwent 
tests sor detection of intraocular calcifica- 
tion. The ultraseund showed multiple calci- 
fied caoroidal lesions. A computed tomo- 
graplec scan of the orbits with thin (1.5- 
mm) axial sections revealed bilateral 
calcifæd masses projecting from the sclera 
into tae uvea. The laboratory examination 
showed normal levels of serum blood urea 
nitrogen, creatinine, vitamin D, calcium, 
alkaline phosphatase, and phosphorus. 


Comment.—Calcifications of the 
choreid and sclera can be classified 
into ‘two categories: dystrophic and 
metastatic. Dystrophic calcification is 
due to the secondary deposition of cal- 
Gum in abnormal tissues despite nor- 
mal serum levels of calcium and phos- 
phat=. These conditions include senile 
degeneration, chronic inflammations, 
and crauma. Metastatic calcification 
resuEs from the deposition of calcium 
salts in norma! tissue because of ab- 
norma! calciumvand phosphate homeo- 
stasis. Calcification in the posterior 
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segment of the eye is more unusual 
than in the anterior segment. Ossifi- 
cation of the posterior sclera has been 
reported by Patrinely et al’ in a pa- 
tient with hyperparathyroidism and 
chronic renal failure. A combination of 
both scleral and choroidal calcifica- 
tions has been reported in pseudohy- 
poparathyroidism by Wong et al’ and 
as an idiopathic entity (written com- 
munication, J. A. Shields, MD, Fluo- 
rescein Angiography Club Meeting, 
November 1987). 

The B-scan ultrasound in sclerocho- 
roidal calcification shows acoustic 
shadowing behind a highly reflective 
area in the choroidal zone (Fig 2). The 
differential diagnosis includes choroi- 
dal osteoma, metastatic carcinoma, 
amelanotic melanoma, and inactive 
chorioretinitis. In our patient, ultra- 
sound and orbital computed tomo- 
graphic findings were inconsistent 
with melanoma or with metastatic 
disease. The patient’s unchanged fun- 
dus appearance on long-term follow- 
up is not compatible with metastatic 





p3 


ii 


Fig 2.—Ultrasound scar of the left eye show- 
ing choroidal calcified lesion with acoustic 
shadowing. The single arrow indicates the op- 
tic nerve; the double arrow, choroidal calcifi- 
cation. 


prostatic carcinome, with or without 
radiotherapy. 

The bilaterality, ocation, and pre- 
sentation in an older man make a 
diagnosis of chorodal osteoma un- 
likely. There is also 10 definite pattern 
of bone formation im our patient. We 
therefore conclude that our patient 
has idiopathic sclerochoroidal calcifi- 
cations. 

JENNIFER I. Lim, MD 
Moron F. GOLDBERG, MD 
Chicago Ill 





This work was supported in part by core grant 
EY01792 and training grant EY07038 from the 
National Eye Institute, National Institutes of 
Health, Bethesda, Md, end by an unrestricted 
award to the Department of Ophthalmology, 
University of Illinois at Chicago College of Med- 
icine, from Research to Prevent Blindness Inc, 
New York, NY. 
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House Committee Endorses Expenditure Targets 


Washington, DC—The House Ways and Means Commit- 
tee’s eppreval ofa proposal setting a limit on total Medicare 
payments te physicians met with strong reactions from the 
medical and legislative communities. 

In en efort to cut projected Medicare spending by about 
$8 bilion in fiscal 1990, the proposal, dubbed the expendi- 
ture target, or “ET,” is one of a three-part package of the 
Medicare sayment reform plan. Under the proposal, physi- 
eians would no longer be paid on a “usual and customary” 
charg basis. Instead, a “resource-based, relative value 
seale,” a Gerivative of the Harvard Hsiao Study, would be 
adopted. The congressional committee would then calculate 
payment en hew much time, effort, and skill each medical 
servic required compared with other medical services. If 
the target for the total amount of money allocated to pay 
physi-ians treating Medicare patients is exceeded, the allo- 
eatior would be reduced in the following year, unless the 
highe- outlay was due to inflation or other predetermined 
cause». 

The purpose of the limit is to reduce financial incentives 
for physicians to order surgery or invasive diagnostic tests 
and t» increase rewards for time spent advising patients 
and managing their illnesses. 

The proposal will effect the 32 million elderly and 
disabeed Medicare beneficiaries and is to be phased in from 
Octoter 1, 1991, to December 31, 1995. This proposal marks 
the fist major change in the way physicians are paid since 
Medicare began a quarter of a century ago. 

Sinte the proposal is expected to raise fees for primary 
care while cutting surgical fees, specialty societies in those 
areas affeeted have been vocal in offering alternative meth- 
eds of lowering Medicare spending. The American College 
ef Suzgeons presented Congress with a proposal last Feb- 
ruarystating that it would accept newly established Medi- 
care f=es for surgical services as payment in full for low-in- 
come recipients and emergency surgery.' The College 
praised the expenditure targets as a way of getting physi- 
cians z0 pay more attention to cutting costs. 

Rokert D. Reinecke, MD, president of the American 


Micha | D. Springer, Section Editor 
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Academy of Ophthalmology, presented the Academy’s sug- 
gestions for physician payment reform ir his testimony be- 
fore the subcommittee on April 17, 1989.? His recommenda- 
tions included opposing any further cuts in cataract sur- 
gery, developing criteria requiring surgeons to document 
their preoperative and postoperative care arrangements, 
considering the feasibility of random second opinions, pro- 
hibiting of the unbundling of the global fee for cataract 
surgery, and including primary eye care office visits in the 
current list of primary care visit services. 

The American Medical Association s:rengly voiced its 
opposition to the targets by arguing shat “ETs would 
amount to rationing because the plan would force MDs to 
limit care on a case-by-case basis” (AM Wews, July 7, 1989, 
p 15). As an alternative to expenditure sargets, the AMA 
suggested practice parameters that several specialties and 
the AMA have been developing be used, that the subcom- 
mittee use the help of the AMA and specialty societies in 
developing a more effective utilization review system, and 
the establishment of professional liability reforms by con- 
trolling rising nonphysician services in part B Medicare 
payments (AM News, July 14, 1989, p 1). 

Divided opinion in Congress has produced both praise and 
criticism for the plan. Committee chairman Dan Rosten- 
kowski (D, Ill) said that the proposal is “the greatest 
advancement in the health care area since 1983,” when 
strict cost controls were imposed on hospitals. Rep Nancy 
Johnson (R, Conn) offered a motion to excise the expendi- 
ture target from the package. She described it as “arbi- 
trary” and feared that it would lead tc reduced medical 
services. The motion was defeated by a 26_to 11 vote. 

Passage of some form of the legiskaticn is expected this 
year, and it is considered likely that the expenditure targets 
will pass Congress. The package has the sapport of the Bush 
Administration, and, if passed, private insurance compa- 
nies are expected to follow Medicare's lead and adopt tar- 
gets for their payment schedules. 

JULIE FOREMAN 


1. Foreman J: American College of Surgeons offers Congress a new deal. 
Arch Ophthalmol. 1989;107:496. 

2. Springer MD: Congress hears from AAO or physician payment reform. 
Arch Ophthalmol. 1989;107:804. 


InFocus 1125 


Book Reviews 


Edited by Daniel M. Albert, MD 


Movements of the Eye, 2nd ed, by 
R. H. S. Carpenter, 593 pp, London, 
England, Pion Limited, 1988, $115. 


R. H. S. Carpenter’s second edition 
is a delight. As was the case with the 
original, it is written in an engaging 
style and is filled with even more 
insights into the “how” and “why” of 
the ocular motor system. The original 
text has been considerably expanded 
and revised. The book is about as up to 
date as a single-authored textbook 
can be in a field in which each year’s 
presentations and abstracts at the 
Neuroscience and Association for 
Research in Vision and Ophthalmolo- 
gy meetings make the previous year’s 
knowledge of ocular motor physiology 
nearly obsolete. I believe Movements 
of the Eye should be required cover- 
to-cover reading for ophthalmolo- 
gists, neurologists, optometrists, psy- 
chologists, physiologists and others 
who want a detailed but readable 
overview of the field of eye move- 
ments and their implications for 
vision. 

The book is much more than a com- 
pendium of facts. It is suffused with 
Carpenter’s own refreshingly novel 
hypotheses and speculations that usu- 
ally are clearly identified as such, so 
that the reader can easily distinguish 
fact from fancy. But, it is often the 
innovative hypotheses and specula- 
tions that make the book valuable 
even to the ocular motor expert. Car- 
penter’s fresh perspective appropri- 
ately forces one to question and 
rethink the prevailing dogma. 


“... suffused with Carpenter’s 
own refreshingly novel hypothe- 
ses and speculations...” 


The book is divided into three major 
sections: the function of the different 
types of eye movements, the anatomi- 
cal substrate for eye movements, and 
a final synthesis. The last section 
attempts to bring the discussion of 
the individual components of the ocu- 
lar motor system into a comprehen- 
sive and integrated whole. This syn- 
thesis provides important insight into 
how the brain responds to sensory 
stimuli with the appropriate ocular 
motor response and what type of neu- 
ral networks might mediate this 
behavior. Adaptive control, how the 
ocular motor system remains accu- 
rately calibrated, is also an important 
topic discussed in the latest edition. 
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While the book is not a elinical text, 
it can perhaps be criticized for omit- 
ting references to some of the clinical 
studies that relate directly to our 
understanding of normal physiology 
(eg, periodic alternating nystagmus 
and ocular flutter). There are also 
some small errors. The text is hope- 
lessly confused on the directions of 
the actions of the oblique muscles. 
The description of the effects of view- 
ing near objects on the gain of the 
vestibulo-ocular reflex is incorrect 
(the gain must go up for steady fixa- 
tion of a near object). Also, Apter, 
who first identified the visual-motor 
spatial map of the superior colliculus, 
is incorrectly identified as being a 
man. But let’s not quibble. 

I encourage all eye movement 
enthusiasts, no matter what their 
stage of training, to examine Carpen- 
ter’s new edition. I am sure that most 
will want to not only own the book but 
also read it in its entirety. 

Davin S. ZEE, MD 
Baltimore, Md 


Foundations of Education for Blind 
and Visually Handicapped Children 
and Youth: Theory and Practice, 
edited by Geraldine T. Scholl, 509 pp, 
New York, NY, Foundation for the Blind 
Inc, 1986, $32. 


Foundations of Education for Blind 
and Visually Handicapped Children 
and Youth: Theory and Practice is a 
basic and comprehensive resource 
book dealing with visually handi- 
capped pupils and their educational 
program needs. This book has been 
written for students who are prepar- 
ing to become special education teach- 
ers and educators who wish to update 
their knowledge concerning visually 
handicapped children. 

This book is divided into three sec- 
tions. The first part provides a nine- 
chapter overview of basic information 
about visually handicapped children. 
This material will provide helpful 
information for those who will be 
working with such students. The first 
chapter summarizes the significant 
historical developments in the educa- 
tion of blind and visually handicapped 
children in the United States over the 
last 150 years. The earliest history of 
education of children with partial 
vision was based on the premise that 
to use residual vision was to lose it. In 
those days such programs were known 
as “sight conservation” and “sight 
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saving.” It was not until the 1930s 
that ophthalmologists in the United 
States began to reverse this prevail- 
ing belief and to suggest that use of 
vision did not reduce it; on the con- 
trary, children could learn to use their 
remaining vision to greater advantage 
through practice. 

The next few chapters explain the 
needs and characteristics of all chil- 
dren who have visual impairments. 
The following chapter presents an 
overview and background information 
about the visual system, and the sub- 
sequent chapters summarize the nor- 
mal growth and development of the 
physical, mental, and social areas of 
growing children. There is also a 
chapter that describes the special 
needs of children prior to school age. 


“..an excellent reference 
source for ophthalmologists... 
concerned with the education of 
blind or visually handicapped chil- 
dren.” 





Chapter 6 describes procedures for 
assessment of the visual function and 
the appropriate selection of optical 
and nonoptical low-vision aids. Dr 
Alfred Kestenbaum is acknowledged 
as being the father of “low vision” 
therapy. 

The second portion of this textbook 
discusses the components of a quality 
educational program for children with 
limited vision. First, there are a num- 
ber of chapters that describe how 
teachers use the results from their 
assessments to develop individualized 
educational programs. The following 
chapter describes the various settings 
and the continuum of services that 
should be available to each child. 
Another chapter discusses the role of 
parents in the educational process, 
and the subsequent chapters review 
the various materials, aids, and equip- 
ment that can be employed in the 
educational program and how to 
obtain them. 

The third part of this textbook 
involves special curriculum considera- 
tions, and a number of chapters exam- 
ine the communication skills, particu- 
larly of specialized techniques, aids, 
and materials for writing and reading 
both for blind children who must rely 
on a sense of touch for reading and for 
children with limited vision who can 
make use of visual materials. The 
chapters in this section of the book 
focus on the essential elements in a 
school curriculum that should be 
included in the individualized educa- 
tional program for these students. 


Book Reviews 


The final.chapter discusses a frame- 
work that teachers of visually handi- 
capped students can use to integrate 
career education and career develop- 
ment into curricular and extracurric- 
ular activities from preschool through 
high school. It also demonstrates how 
skills learned throughout the school 
years contribute to the visually handi- 
capped adolescent’s successful transi- 
tion to adulthoed. 

Appendixes at the end of the book 
include an overview of ocular diseases 
and disorders, a glossary of measure- 
ment terms, suggested formats for 
interviews with parents and pupils, 
publishers of assessment instru- 
ments, competencies of teachers of 
visually handicapped learners, and 
the rele and function of the teacher of 
the visually handicapped. 

This comprehensive textbook was 
published under the auspices of the 
American Foundation for the Blind 
and was written by several noted 
authorities in the education of the 
visually handicapped. Its list of refer- 
ences is excellent. My only objection 
to this book is that its usefulness is 
impaired by its abbreviated index. 

This boek serves as an excellent 
reference source for ophthalmologists 
ar optometrists who are concerned 
with the education of blind or visually 
handicapped children. It is an out- 
standing book for social workers and 
oceupational therapists and those who 
regularly work with children who 
have these handicaps. Dr Scholl is to 
be congratulated for the excellent 
editing of this authoritative text- 
book. 

JOEL A. Kraut, MD 
Brookline, Mass 


Optical Radiation and Visual 
Health, by Morris Waxler and Victoria M. 
Hitchins, 275 pp, Boca Raton, Fla, CRC 
Press Inc, 1986, $95. 


Every year, the American public 
spends about $1 billion on sunglasses. 
Clearly, they perceive a relationship 
between the sun’s radiation and eye 
damage. Happily, the ophthalmic pro- 
fession started catching up to public 
opinion with the publication of Sidney 
Lerman’s book Radiant Energy and 
the Eye in 1980. In 1983, a conference 
was held in Gaithersburg, Md, on the 
same subject. Every major authority 
in the field of light damage to the eye 
was present; this volume is a clearly 
organized synthesis of that meeting. 
The text also contains a very complete 
index of the pertinent publications on 
the subject up to that time. 

There are many pearls throughout, 
but the opening chapter, which gives 
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historical perspective to the book, 
written by David Cogan is itself worth 
the price of the book. For example, 
just look at how he opens the chap- 
ter: 


When Galileo Galilei first looked at the 
sun through his new-fangled telescope, he 
developed a retinal burn, perhaps the first 
solar retinopathy to be recorded in history. 
The event was significant, not so much in 
showing that focused light could damage 
the eye, but in showing that the eye does 
not have adequate protection against 
unnatural radiation or unaccustomed 
methods of presentation. 


Naturally, since the time of the 
conference, new studies have been 
performed, but some of the older, 
lesser-known studies mentioned in the 
book will interest the serious clini- 
cian. For example, there is a concise 
and thoughtful section on the possible 
relationship between lighting in the 
neonatal nursery and eye damage in 
premature infants. 


a 


“Every major authority in the 
field of light damage to the eye 
was present...” 


ae 


Another section of the book reviews 
a psychophysical study in which 
elderly subjects with noncataractous 
lenses show a significantly lower con- 
trast sensitivity due to visual cortex 
neuron dropout. Mention is also made 
of the important Framingham Study 
finding that demonstrated an inverse 
relationship between the presence of 
lenticular nuclear sclerosis and age- 
related macular degeneration. 

In summary, the book is recom- 
mended to everyone with a special 
scholarly interest in light damage to 
the eye. 

DAVID MILLER, MD 
Boston, Mass 


For Our Patients: Macular Degen- 
eration and For Our Patients: Diabetic 
Retinopathy, by Howard Schatz and H. 
Richard McDonald, San Francisco, 
Calif, The Retina Research Fund, $1.98 
per booklet in black and white, $12 per 
booklet in color (bulk purchases). 


It is encouraging to find a growing 
number of publications dedicated to 
patient education, particularly when 
the subjects deal with complicated 
chronic disease, such as diabetic reti- 
nopathy and age-related macular 
degeneration. 

Drs Schatz and McDonald have 
written two attractive booklets deal- 
ing with the vicissitudes of age-re- 
lated macular disease and diabetic 


retinopathy. Each 8 X 8-in booklet is 
printed on glossy paper using a bold 
typeface. A large number of profes- 
sional illustrations and fundus photo- 
graphs complement the text, which is 
divided into two parts: a monograph 
describing the disease, its diagnosis, 
and treatment, and a question-and- 
answer section. Aceording to my cal- 
culations using the SMOG readability 
formula (Pretesting in Health Com- 
munications, National Institutes of 
Health publication 84-1493), the text 
is written on a 12th-grade level. I 
estimate that a person with this level 
of education should be able to com- 
pletely read eaeh booklet in 25 to 45 
minutes. 


“ .. publications dedicated to 
patient education...” 


Both booklets are comprehensive, 
covering topics ranging from the use 
of the Amsler grid to the role of 
vitreous surgery in the treatment of 
tractional detachments. A section on 
the emotional complications of diabe- 
tes is an important contribution. 

The question-and-answer sections 
offer concise responses to many com- 
monly asked questions and should be 
well received by patients. One major 
omission regards the question-and- 
answer material dealing with the effi- 
cacy of zinc, selenium, and vitamin A 
in age-related macular degeneration. 

There are a few aspects of these 
booklets that can be criticized. I was 
distracted by numerous solecisms and 
circumlocutions. I disagree with the 
authors’ description of the role of 
glycemic control im preventing the 
complications of diabetic retinopathy. 
This subject is still very controversial 
and their advice is too dogmatic. To 
conclude, as they have, that tight con- 
trol is the single most important 
means to prevent the deterioration of 
retinopathy unfairly places the blame 
for developing retinopathy on the 
patient. In this same section, their 
comment that type I diabetes should 
be treated with human insulin may be 
worrisome to patients whose illness is 
well controlled on pork or beef insu- 
lin. 

Although I found these two booklets 
a good source of information, two 
health education professionals who 
reviewed these works at my request 
thought the texts were likely too long 
and complex for mest patients. 

Physicians who purchase 1000 cop- 
ies can have a personalized message 
printed inside the cover. 

Curtis E. Marco, MD 
Tampa, Fla 
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News and Comment 


M. C. Modi, MD, Receives Lions Club 
Award.—M. C. Modi, MD, of India re- 
ceived the 1989 Lions Club Interna- 
tional Humanitarian Award. The 
award, presented each year at the 
Lions annual convention, recognizes 
outstanding commitment to humani- 
tarian service. 

Since 1943, Dr Modi has dedicated 
his life to saving and restoring the 
sight of the impoverished, primarily 
throughout India. During his career, 
Dr Modi has reached more than 10 
million patients and performed more 
than 600000 eye operations. 

The award presentation ceremonies 
took place in Miami, Fla, on Saturday, 
June 24, at this year’s Lions conven- 
tion. Dr Modi was presented with a 
check for $200000 from the Lions 
Clubs International Foundation to 
further his humanitarian work. 


Karanjit S. Kooner, MD, Named As- 
sistant Professor of Ophthalmology.— 
Karanjit S. Kooner, MD, of Dallas, Tex, 
has been appointed assistant professor 
of ophthalmology, specializing in glau- 
coma, at the University of Texas 
Southwestern Medical School at Dal- 
las. Dr Kooner received his undergrad- 
uate degree from the Punjab Univer- 
sity, India, and his medical degree 
from Dayanand Medical School, Lu- 
dhiana, India, in 1974. He completed 
residencies in ophthalmology in Bel- 
gium at University Eye Clinic, Ghent; 


Karanjit S. Kooner, MD 
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in the United Kingdom at Middlesex 
Hospital, London; Sutton General 
Hospital, Sutton; Huddersfield Royal 
Infirmary; and in the United States at 
the Ochsner Clinic, New Orleans, La, 
in 1982. He also completed a glaucoma 
fellowship at Ochsner Clinic and Lou- 
isiana State University Eye Clinic in 
New Orleans in 1983. 


Department Professor Appointed.— 
Johan T. Zwaan, MD, PhD, has been 
appointed professor of ophthalmology 
at the University of Texas Health Sci- 
ence Center in San Antonio, Tex, with 
cross appointments in the Depart- 
ments of Pediatrics and Cellular and 
Structural Biology. He will direct the 
Pediatric Eye Service and also func- 
tion as deputy chairman. 


Donald R. May, MD, Appointed Chair- 
man.—Donald R. May, MD, has been 
appointed chairman of the Depart- 
ment of Ophthalmology and Visual 
Sciences at the Texas Tech University 
School of Medicine in Lubbock. Dr May 
will begin there on September 1. Pres- 
ently, Dr May is professor of ophthal- 
mology at the Tulane University 
School of Medicine, New Orleans, La. 

Dr May received his MD from the 
University of Illinois, Chicago, was an 
intern at the Northwestern University 
Memorial Hospitals in Chicago, Ill, 


Donald R. May, MD 
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and completed his ophthalmology res- 
idency and fellowship in retina and 
vitreous surgery at the University of 
Illinois Eye and Ear Infirmary. 

Dr May was the founder and director 
of the Vitreoretinal Service for the US 
Air Force. He was on the faculty at the 
University of California, Davis, before 
he joined the Tulane faculty. 


CLAO Grant.—The Contact Lens As- 
sociation of Ophthalmologists (CLAO) 
has recently been awarded a grant 
from Fisons Corp to fund travel for 
young investigators to present their 
research at the upcoming CLAO An- 
nual Meeting to be held in Las Vegas, 
Nev, January 10-13, 1990. For informa- 
tion, contact the CLAO office at (504) 
581-4000. The application deadline is 
August 15, 1989. 


Khalid J. Awan, MD, FPAMS, Receives 
Medal.—Khalid J. Awan, MD, FPAMS, 
was awarded the President of Pakistan 
Gold Medal for accomplishments in 
the field of ophthalmology and services 
to medical research, education, and 
health care in Pakistan. Dr Awan is a 
life member of the Ophthalmological 
Society of Pakistan, and 5 years ago 
founded the Pakistan Journal of Oph- 
thalmology at the direction of the So- 
ciety. He is currently the chief editor of 
that journal and also serves on the ed- 
itorial boards of several other jour- 
nals. 


Khalid J. Awan, MD, FPAMS 
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Obituaries 


BAYLUS, Meyer M., 83, Baltimore, Md; 
University ef Maryland School of Med- 
icine, 1930; died March 18, 1989. 


BRANNIN, Daniel, 91, Dallas, Tex; Tu- 
lane University School of Medicine, 
1923; certified by the American Board 
of Ophthalmology; died February 28, 
1989. 


CHISHOLM, Julian Ford, 83, Dedham, 
Mass; The Johns Hopkins University 
School of Medicine, 1930; certified by 
the American Board of Ophthalmol- 
ogy; died March 1, 1989. 


CROLL, Leo John, 86, West Bloomfield, 
Mich; University of Michigan Medical 
School, 1925; certified by the American 
Board of Ophthalmology; died January 
22, 1989. 


COVEY, John Knox, 82, Bellefonte, Pa; 
Jefferson Medical College of Thomas 
Jefferson University, 1940; residency, 
St. Vincents Hospital Medical Center, 
1942; certified by the American Board 
of Ophthalmology; died March 9, 
1989. 


DE FRANCOIS, Walter, 85, Nanticoke, 
Pa; Jefferson Medical College of 
Thomas Jefferson University, 1930; 
residency, Mercy Hospital Wilkes- 
Barre, 1932; certified by the American 
Board of Ophthalmology; died Febru- 
ary 1, 1989: 


ERRGONG, William Henry, 73, High- 
land Park, NJ; Tufts University School 
of Medicine, 1941; residency, George 
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Washington University Hospital, 
1949; certified by the American Board 
of Ophthalmology; died February 8, 
1989. 


GREEN, Earl W., 81, Hattiesburg, 
Miss; Tulane University School of 
Medicine, 1932; certified by the Amer- 
ican Board of Ophthalmology; died 
March 15, 1989. 


HAYES, Frederick D., 42, Silver 
Spring, Md; Columbia University Col- 
lege of Physicians and Surgeons, 1977; 
residency, Howard University Affili- 
ated Hospital, 1982; died December 3, 
1988. 


McKEE, Bobby Earl, 56, Jonesboro, 
Ark; University of Mississippi School 
of Medicine, 1959; residency, Univer- 
sity of South Alabama, 1966; certified 
by the American Board of Ophthal- 
mology; died February 20, 1989. 


Mc NEILL, John A., 69, St Paul, Minn; 
University of Manitoba, 1944; resi- 
dency, United Hospitals Inc, 1953; cer- 
tified by the American Board of Oph- 
thalmology; died March 18, 1989. 


MOTT, Walter Charles, 92, Ipswich, 
Mass; Albany Medical College of Union 
University, 1925; certified by the 
American Board of Ophthalmology, 
died December 14, 1988. 


SCHOLZ, Roy Otto, 75, Baltimore, Md; 
The Johns Hopkins University School 
of Medicine, 1939; residency, The Johns 


Hopkins Hospital, 1941; certified by 
the American Academy of Ophthal- 
mology; died April 15, 1989. 


SHAPIRA, Theodore M., 85, Chicago, 
Ill; Northwestern University Medical 
School, 1931; certified by the American 
Board of Ophthalmology; died January 
16, 1989. 


SHEPPARD, L. B., 33, Richmond, Va; 
University of Virgfnia School of Med- 
icine, 1930; certified by the American 
Board of Ophthalmology; died March 
8, 1989. ° 


SINGER, Bernard, 63, Westport, 
Conn; New York Medical College, 1961; 
residency, Metrepolitan Hospital Cen- 
ter, 1967; certified by the American 
Board of Ophthalmology; died April 6, 
1989. 


STERN, Henry, 86, Laguna Hills, Calif; 
University of Wien, 1928; certified by 
the American Board of Ophthalmol- 
ogy; died March 6, 1989. 


WISHBOW, Alexander John, 67, Mor- 
ristown, NJ; New York University 
School of Medicine, 1947; residency, 
Henry Ford Hospital, 1951; certified by 
the American Board of Ophthalmol- 
ogy; died January 9, 1989. 


WOOLSEY, William Jenkins, 93, Waco, 
Tex; Baylor College of Medicine, 1923; 
certified by the American Board of 
Ophthalmology. died February 19, 
1989. 
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When something is missing, 
its just not the same. 


Of course it’s not the same. 


Refresh® Lubricant Ophthalmic Solution is missing something found in every other 
artificial tear — preservatives. 


And no preservative eliminates the potential iatrogenic effects of frequently applied 
preserved tear supplements. Preservatives can adversely affect the lipid layer and chronic 
instillation of preserved tear substitutes may be cytotoxic to corneal and conjunctival tissue.!.2 


What’ more, Refresh is a dual-polymer artificial tear. One polymer is povidone 
(polyvinylpyrrolidone). The other is Liquifilm® (polyvinyl alcohol 14%). It has less of an 
effect on corneal epithelium regeneration than methylcellulose 0.5% and isotonic saline? 
Plus, Liquifilm offers instant wettability and stabilizes the precorneal tear film while 
helping to supplement mucin and fluid deficiencies.3-4 

True, your dry eye patients who require an occasional tear supplement 
might be fine with a preserved tear. For more chronic users, however, or 
those patients with conjunctival staining or unrelieved subjective 
symptoms, an upgrade to preservative 


free Refresh should be considered. Du AL POLYM E R Refresh 


And while everybody else @ OEA, 
continues to debate the relative Solution X 
merits of one preserved artificial 






tear over another, something ts 
will still be missing. The Extra Polymer as 


Refresh. You May Be Missing. ~~) iua iat 
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1. Holly FJ. Surface chemical evaluation of artificial tears and their ingredients. II. Interaction with a superficial lipid layer. Contact Lens 1978 July/Sept;4(3):52-65. 
2 Burstein NL. Corneal cytotoxicity of topically applied drugs, vehicles and preservatives. Surv Ophthalmol 1980;25(1):15-30. 

3. Krishna N, Brow F Polyvinyl alcohol as an ophthalmic vehicle: Effect on regeneration of corneal epithelium. Am J Ophthalmol 1964;57(1):99-106. 

4 Jones LT. The lacrimal secretory system and its treatment. Am J Ophthalmol 1966;62(1):47-60. 
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Editorial 





How Exposed Are We? 


Is There a Better Way? 


Ax yourself this question: How many times have I 
used a non-Food and Drug Administration 
(FDA)-epproved drug or device in the last year? If 
you’re a corneal or retinal specialist, I'll wager that 
your answer is “too often!” It is unfortunate that the 
procedure of choice for many acute corneal perfora- 
tions and repair of complicated retinal detachments 
includes the use of non-FDA-approved devices and 
that a major mode of treatment for the recent explo- 
sion of amebic keratitis infections is also not FDA 
approved. 

Where does this leave the ophthalmologist who 
routinely uses these nonapproved drugs or devices? 

I’m afraid that where it leaves us, in the legal sense, 
is uncomfortably exposed! As best as I can determine 
from talking with officials from the FDA and mal- 
practice attorneys, the burden of proof is totally on 
the shoulders of physicians were we to get into any 
complications from these nonapproved drugs or de- 
vices. Tais doesn’t mean that we, as physicians, are 
totally without legal defense. A case could be made 
that, although not approved, a therapy is accepted in 
this country. The problem is that the plaintiff's attor- 
ney begins with a significant advantage, especially if 
he or ske is aware of the therapy’s FDA status. 

In addition, if complications occurred due to a 
quality eontrol breakdown, the physician would likely 
be prosecuted for product liability as well as mal- 
practice. A hypothetical example is a nonapproved 
drug that somehow had an abnormal pH value re- 
sulting in a significant corneal burn. I’m afraid that 
after the malpractice and product liability case had 
finished, there would be a second painful trauma to 
the involved physician’s psyche. To add insult to 
injury, *t’s possible that malpractice insurance would 
not provide coverage for such an event, and certain 
that preduct liability would not be covered. 

If this hasn’t boosted your blood pressure, try this 
on for size! In some states the judge may direct the 
jury that they are considering not only a malpractice 
ease but a eriminal case, because an illegal act was 
performed. What do malpractice insurers say regard- 
ing financial eoverage for a criminal act? You guessed 
it—our exposure as an offending physician is com- 
plete and absolute. 

How did we get into such a predicament? Our med- 
ical system has achieved the highest level of medical 
care in the world, but we do have some blemishes. One 
wart is that products, although effective, will gener- 
ally not be available if the market is judged not prof- 
itable enough to warrant the expense of obtaining 
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FDA approval. This major catch-22 situation explains 
most, if not all, of this problem. 

Fortunately, the FDA is very aware of the problem 
and is very sympathetic. They are not interested in 
prosecuting physicians for non-F DA-approved drugs 
or devices that clearly are in the patient’s best inter- 
est when alternatives are not as good. However, this 
is strictly a “judgment” call. If FDA officials were 
asked to make an official statement, they would have 
to condemn the practice and, if forced, prosecute. 
They’re as nervous about the present state of affairs 
concerning drugs and devices commonly used without 
FDA approval as the ophthalmologie community. I 
feel very reassured that they would love to see a res- 
olution of the situation as much as we would. 

The orphan drug regulations co give the FDA con- 
siderable flexibility, and basically all of the treat- 
ments suggested here could probably be encompassed 
under the orphan drug umbrella. The key is to 
simplify the paperwork on behalf of both clinicians 
and the FDA. 

An FDA official with whom I spoke proposed that 
specialty or subspecialty societies that commonly use 
nonapproved drugs or devices submit a study proto- 
col after consultation with the FDA and seek approval 
for a master investigation. This would be advanta- 
geous to all concerned. If the FDA agrees that the 
treatment could be covered by the orphan drug regu- 
lations, then they would be most anxious to work with 
the specialty societies. All society members, and non- 
members who agree to follow the protocol and enroll 
as investigators, could then enroll patients under the 
protocol. Thus, physicians would be using the treat- 
ment legally, as well as gathering data that could as- 
sist in securing FDA approval of the device or drug. 
The protocol could be quite simple for commonly used, 
nonapproved drugs or devices so that compliance 
would not be a problem. This would also save the FDA 
from having to review thousands of individual re- 
quests for investigational device exemptions. Finally, 
the level of legal liability risk would decrease im- 
mensely, even though the treatment would still be 
considered investigational. 

It seems to me that this new approach is worth a 
try! The time for a change in the status quo for cor- 
neal gluing and intraocular gas is certainly long 
overdue. Perhaps ophthalmology can be at the van- 
guard of an approach that all of medicine can follow. 

RANDALL J. OLSON, MD 
Salt Lake City, Utah 
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Special Article 


Analysis of Ophthalmic Surgical Charges 


for Services to Medicare Recipients: 


1980 and 1985 


() phthalmology is a relatively circumscribed spe- 
cialty in the general context of medicine. How- 
ever, the surgical aspect of ophthalmology has 
expanded appreciably in the last two decades and 
constitutes an important component of total surgical 
procedures. The Health Care Financing Administra- 
tion has recently analyzed physicians’ charges for 
surgical services paid by Medicare, contrasting 
expenditures in 1980 and 1985.' Charges submitted to 
Medicare for all surgical services increased from $3.8 
billion to $9.4 billion in that period. Charges for 
ophthalmic services constitute a surprisingly and 
relatively large portion of total fees charged to 
Medicare for surgical procedures. 


OPHTHALMIC SURGICAL CHARGES 


The following statistics are of particular inter- 
est: 

1. Ophthalmic surgery accounted for 18.7% of 
total charges submitted for reimbursement to Medi- 
care in 1985 for all surgical services, including gener- 
al surgery, orthopedics, and other specialties (Ta- 
ble 1). 

2. Eye surgery represented the single largest 
share of the $9.4 billion in surgical charges submit- 
ted in 1985, garnering about $1.75 billion in revenue. 
It exceeded general surgery’s share of the Medicare 
surgical dollar, which rang in at 18.3% of such 
expenditures. 

3. Surgical reimbursement constituted 64.9% of 
all ophthalmic charges for both cognitive and proce- 
dural services. This contrasts with a 32% rate of 
surgical charges as a component of all Medicare 
surgical and medical fees. 

4. From 1980 to 1985, ophthalmic surgical charges 
increased by 38% from 13.6% to 18.7% of Medicare 
surgical charges as contrasted to a decline in general 
surgery’s share from 22.1% to 18.3% (a 17% reduc- 
tion). Urological surgery’s share fell by 25% from 
10.7% to 8% (Fig 1). As a group, all other surgical 
specialties’ combined share of revenues increased by 
less than 10% (from 32.6% to 35.5%). 
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OPHTHALMIC CHARGES FOR NONSURGICAL SERVICE 


The marked rise in ophthalmic surgical charges 
was nearly paralleled by the increase in fees for 
cognitive eye services. The surgical component of 
total Medicare reimbursement rose slightly faster, 
increasing from 62.1% for all eye services in 1980 to 
64.9% in 1985. 


TOTAL OPHTHALMIC CHARGES 
Although the Health Care Financing Administra- 


tion does not provide exact figures, indications are 
that total ophthalmology medical and surgical 





Table 1.—Physician Surgical Charges Under Medicare as Share 
of Total Surgical Charges and as Percent of Total Practice 
Charges, by Medical Specialty for 1980 and 1985* 
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Charges 
% Distribution as % of Total 
of Surgical Practice 
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Specialty 1980 1985 1980 1985 


Urology 10.7 8.0 75.6 74.1 
i 3 3.3 ` ‘ 
3.0 ‘ 

















Podiatry .0 53.5 59.6 
Gastroenterology tr 45.9 60.0 


Dermatology 2.4 3.0 60.9 67.9 
Neurological surgery 2.3 2.4 70.2 74.8 
Otology, laryngology, rhinology 1.9 1.8 49.7 52.5 
Plastic surgery 1.3 1.5 88.1 87.4 
Other 8.4 8.5 oa 










* Source: Health Care Financing Administration, Bureau of Data Management 
and Strategy: data from the Part B Carrier Statistical System. 
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Fig 1.—Distribution of physician surgical charges under Medicare, by medical specialty: 1980 
and 1985 (source: Health Care Financing Administration, Bureau of Data Management ard 
Strategy: data from Part B Carrier Statistical System). 


Table 2.—Physician Surgical Charges Under Medicare, by Medical Specialty and Place of Service for 1980 and 1985" 


1980 1985 


rm 0 0 OOO _e eee _ _ ee 
All inpatient Outpatient All Inpatient Outpatieat 
Settings Office Hospital Hospital Othert Settings Office Hospital Hospita: ACSF Othert 


All physicians 


General surgery 


Thoracic surgery 


Clinic and other group 
practice 


Cardiovascutar 
disease 


Gastroenterslogy 
Neurological surgery 
Dermatology 


Otolegy, laryngdlogy, 
rhmoloey 


Obstetrics gynecology 


* Source Health Care Financing Administration, Bureau of Data Management an 
percent of surgical eharges throughout. 

+ineludes homes, nursing homes, and other places of service. 

ACS indicates ambulatory surgical center. 





d Strategy: data from the Part B Carrier Statistical System. Values are given as 
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Inpatient 


Thoracic Surgery 11.3% 


Ophthalmology 7.1% 


Podiatry 15.5% 
f Other 40.9% \’ 


Dermatology 18.7% 


Ophthalmology 19.2% 


`N. Orthopedic Surgery 16.0% 
N 


Ophthalmology 55.9% 


General Surgery 6.9% 


'” Other 37.2% 


Outpatient 





Fig 2.—Distribution of physician Surgical charges under Medicare, for selected medical 
specialties by selected place of service: 1980 and 1985 (source: Health Care Financing 
Administration, Bureau of Data Management and Strategy: data from Part B Carrier Statistical 


System). 


charges to Medicare in 1985 would be in the range of 
$2.7 billion. Since total physician Medicare charges 
are in the range of $30 billion for the 1985 study year, 
the implication is that ophthalmologists garner 
approximately 9% of total Medicare charges. 


SITE OF SURGERY 


There has been a dramatic shift in the location at 
which surgical services are being delivered. For all 
physicians, charges for surgery in inpatient hospital 
settings decreased from 84.4% to 65.1% from 1980 to 
1985 (Table 2). For ophthalmology in particular, 
inhospital surgery declined strikingly from 87.1% to 
24.6%, a reduction of 72%. In contrast, outpatient 
procedure charges increased spectacularly from 
5.0% to 49.8% while charges for office-based proce- 
dures increased from 7.9% to 15.9%. A further 8% of 
procedural charges were generated in ambulatory 
surgical centers that were nonexistent in 1980. Inter- 
estingly, ophthalmology accounted for 56% of all 
procedures performed in outpatient hospital settings 
(Fig 2). 


CHARGES FOR PREOPERATIVE TESTING 


In addition to the alarm regarding rising surgical 
fees paid to eye physicians, there has been concern 
about charges for services for preoperative evalua- 
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tions related to cataract surgery. A new directive 
issued by Medicare dictates payment will be made 
only for comprehensive eye examinations and for 
ultrasonography test (A-scan or B-scan), reflecting 
guidelines of the American Academy of Ophthalmol- 
ogy. Charges for other preoperative tests will be paid 
only en documentation. Such restrictions reflect the 
new emphasis on establishing practice parameters in 
all areas of medicine in an effort to reduce outlays. 


CONCLUSION 


As seen from the data cited, ophthalmology gar- 
ners a large proportion of Medicare fees within the 
spectrum of total surgical charges. Ophthalmologists 
should not be surprised by the current efforts of the 
Health Care Financing Administration to rein in 
these expenditures and rationalize its concept of 
allowable services and fair fee reimbursement. 

MARCEL FRENKEL, MD, MBA 
Chicago, Ill 


The author is founder and editor of the Journal of Medical 
Practice Management. 
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The Glaucoma Laser Trial 


I. Acute Effects of Argon Laser Trabeculoplasty on Intraocular Pressure 


Glaucoma Laser Trial Research Group 


@ The Glaucoma Laser Trial Research Group has examined the 
acute effects of argon laser trabeculoplasty on immediate 
change in intraocular pressure and the formation of peripheral 
anterior synechiae among the 271 eyes assigned to argon laser 
trabeculoplasty as initial treatment for primary open angle glau- 
coma. Argon laser trabeculoplasty was administered in two ses- 
sions. Intraocular pressure rises of greater than 5 mm Hg 
occurred in 34% of eyes after one or both of the treatment ses- 
sions: intraocular pressure rises of greater than 10 mm Hg 
occurred in 12%.Eyes that had an intraocular pressure rise after 
the first session were more likely to have a rise after the second 
session than eyes with no rise after the first session. Among the 
many patient, eye, and treatment characteristics examined, only 
pigmentation of the trabecular meshwork was strongly associ- 
ated with intraocular pressure rises. Forty-six percent of eyes 
developed greater than or equal to 1° of peripheral anterior syn- 
echiae. Brown iris color and posterior placement of laser burns 
were associated with higher rates of peripheral anterior syn- 
echiae formation. 

(Arch Ophthalmol. 1989;107:1135-1142) 


lthough primary open angle glaucoma (POAG) is 

a major cause of visual loss in the United States 

and throughout the world, the appropriate manage- 
ment of patients with POAG is still a subject of de- 
bate. In the United States, administration of topical 
drugs that lower intraocular pressure (IOP) is the 
initial treatment of choice. However, the choice of 
drug and dosage varies considerably among ophthal- 
mologists. Peor compliance, variable response to 
treatment, and a relatively high frequency of side ef- 
fects make this approach far from ideal. Argon laser 
trabeculoplasty (ALT), which has been accepted as an 
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effective means of lowering IOP in patients whose 
pressure cannot be controlled by medication alone,'” 
has more recently been considered for the initial 
treatment of POAG. Pilot studies of ALT as initial 
treatment of POAG have shown encouraging re- 
gulta," 

The Glaucoma Laser Trial (GLT), funded by the 
National Eye Institute (Bethesda, Md), is a multi- 
center, randomized, controlled, clinical trial of the 
safety and efficacy of ALT compared with a regimen 
of topical medication as a method for controlling IOP 
in patients with newly diagnosed bilateral POAG. 
One eye of each patient was assigned randomly to 
initial treatment with topical medieations. The con- 
tralateral eye was assigned to initial treatment by 
ALT, the same topical medications being added later 
if the IOP could not be controlled by ALT alone. 
Evaluation of the alternative patient management 
strategies will focus both on the immediate effects of 
ALT and on a comparison of the long-term effects of 
the two management strategies on the need for med- 
ication, visual field deterioration, optic disc deterio- 
ration, visual acuity, and the development of adverse 
reactions. 

Several authors have documented acute pressure 
rises after ALT and the development of peripheral 
anterior synechiae (PAS) among patients who had 
ALT as an alternative to filtering surgery.*®™ Docu- 
mentation of the acute effects of ALT on the eye was 
among the major objectives of the GLT. The data ob- 
tained during the laser treatment phase for the 271 
patients recruited into the GLT have been analyzed 
for this report. The frequency and timing of IOP rises, 
the ability of potential risk factors to predict such 
rises, and the frequency of the development of PAS 
will be described. 


PATIENTS AND METHODS 
The design of the GLT and the study methods have been 
described in detail elsewhere." Only the methodological 
features of the GLT that have direct bearing on the data 
presented in this report are summarized below. 
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Table 1.—Major Eligibility Criteria for the Glaucoma Laser 
Trial * 


Primary open angle glaucoma as evidenced by: 
IOP = 22 mm Hg, bilaterally, on two successive visits 
Glaucomatous field loss in at least one eye or marked 

disc changes in the presence of marked IOP elevation 

Intereye ratio of IOP <1.50 

Visual acuity => 20/70 bilaterally 

No signs of pigmentary or exfoliative glaucoma 

No history of regular treatment with glaucoma medications within 6 mo 

No condition precluding the reliable administration or evaluation of 
medications, laser treatment, visual fields, or disc stereophotography 
during 3 y of follow-up 

Age >35 y 

Informed consent 


















*IOP indicates intraocular pressure. 


Patient Selection 


Patients were enrolled between January 1984 and April 
1987 through eight clinical centers (see credit roster at the 
end of this article for a list of participating centers). 
Patients were examined during two successive clinic visits 
to determine eligibility and establish baseline values. Ex- 
aminations and procedures included refraction, visual acu- 
ity testing, visual field perimetry, measurement of IOP, 
slit-lamp biomicroscopy, funduscopy, fundus stereophotog- 
raphy, and gonioscopy. 

Patients had to meet eligibility criteria (Table 1) designed 
to identify newly diagnosed patients with POAG who could 
be followed up for a period of 2 years or longer. All patients 
had to have IOP greater than or equal to 22 mm Hg in each 
eye on two successive visits to a GLT clinic. Additionally, 
the pressures needed to be relatively symmetric, defined as 
an intereye IOP ratio of less than or equal to 1.50. To con- 
firm the diagnosis of bilateral glaucoma, at least one eye had 
to have glaucomatous visual field loss or marked optic disc 
changes compatible with glaucoma. Glaucomatous visual 
field loss was defined as at least two contiguous spots within 
the central 20° or three contiguous spots within the central 
30°, with thresholds elevated by greater than or equal to 5 
dB as measured by program 32 on the OCTOPUS 201 or 2000 
(Interzeag, North Boro, Mass) automated perimeter. In the 
absence of visual field loss, patients needed to have a cup- 
to-disc ratio of greater than or equal to 0.8 in combination 
with an IOP greater than or equal to 31 mm Hg in each eye 
or a cup-to-disc ratio disparity of greater than or equal to 
0.3 in combination with an IOP greater than or equal to 27 
mm Hg in one eye and greater than or equal to 31 mm Hg 
in the contralateral eye. Patients with evidence of a 
secondary glaucoma process, particularly patients with 
pigmentary or exfoliative glaucoma, were excluded. 


Patient Assignment and Treatment 


One eye of each patient was randomly assigned to ALT or 
to the medication regimen as initial treatment. The con- 
tralateral eye received the alternative treatment assign- 
ment. The first of two ALT treatment sessions occurred im- 
mediately after randomization and was performed by a 
GLT-certified ophthalmologist (Table 2). During the first 
session, the ophthalmologist treated 180° of the trabecular 
meshwork by beginning in the 6-o’clock position and mov- 
ing clockwise to the 12-0’clock position. Power intensity was 
adjusted to achieve the effect of bubble formation without 
dislodgment or bursting of the bubble. Burns were to be 
placed so that they straddled the pigmented and nonpig- 
mented anterior trabecular meshwork. The second treat- 
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Table 2.—Features of Argon Laser Trabeculoplasty in the 
Glaucoma Laser Trial 


Two sessions spaced 4 wk apart 

Argon blue-green laser 

180° of trabecular meshwork treated at each session 

48 burns per session (45 to 50 allowed) 

50-um spot size 

Power level adjusted to achieve the threshold of bubble formation (600 
to 1200 mW) 

0.1-s duration of power 

Burns placed to straddle the pigmented and nonpigmented anterior 
trabecular meshwork 

Dexamethasone (0.1%) or other anti-inflammatory drug used four times 

a day for 6 d following treatment 











ment session was performed 4 weeks after the first. During 
the second session, the remaining 180° of the trabecular 
meshwork was treated by starting in the 12-0’clock position 
and moving clockwise to the 6-o’clock position. At each 
treatment session, the power of each laser shot and the lo- 
cation and effect of each burn, as described by the ophthal- 
mologist, were recorded by the GLT clinic coordinator. The 
location of the burn was classified as ideal (straddling the 
pigmented and nonpigmented anterior trabecular mesh- 
work), on the cornea, anterior to ideal, posterior to ideal, on 
the ciliary body, or on the iris. The effect of the burn was 
classified as none, blanch, bubble formation, bubble burst, 
or bubble burst with release of pigment. 

Patients were examined at 1 hour and 4 hours after each 
of the two treatment sessions. The IOP was measured in 
both eyes. If the IOP of the eye treated with ALT had risen 
to greater than or equal to 5 mm Hg above the level before 
the treatment session, the GLT ophthalmologist had the 
option of administering pressure-lowering medication. All 
patients who were given such medication or who had an IOP 
rise of greater than or equal to 5 mm Hg 4 hours after 
treatment were required to return the next day for IOP 
measurement. If the IOP was still elevated, medication 
could be continued until the ophthalmologist was satisfied 
that discontinuation would not be harmful. 

All patients were instructed to begin the first step in the 
medication regimen, 0.5% timolol maleate twice a day, for 
the eye assigned to initial medical treatment on the evening 
of the first laser treatment session. Thus, the eye assigned 
to initial medical treatment was free of medication during 
the first treatment session (TS 1) and was being treated 
with topical medication during the second treatment ses- 
sion (TS 2). 

All patients were examined 1 week after each of the laser 
treatment sessions. A slit-lamp examination and IOP mea- 
surement were performed. A return visit 3 months after TS 
1 signaled the end of the laser treatment phase and the 
beginning of the follow-up phase for the eye assigned to 
ALT. 


Statistical Methods 


Distributions of change in IOP from the measurement 
taken before each treatment session are summarized by 
means and by grouped frequency distributions using cate- 
gories thought to be clinically relevant. Differences in cat- 
egorical variables among subgroups were evaluated with 
the x’ statistic; equally spaced scores were applied to 
ordered categories to compute a 1 df x? statistic for 
correlation." The logistic regression model was used to 
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Table 3.—Change in Intraocular Pressure (IOP) by Treatment Session, Treatment Assignment, and Time After Treatment* 


% of Eyes 


———— LN 


Treatment Session 1 


nn 
Initial Medication 


Initial ALT 


Treatment Sesson 2 
a rv rhe evwOmrraansmw—_” 
Initial ALT Initial Medication 


10P Change, mm Hg 


Th 4h 1h 4h th 4h 1h 4h 
1 1 <1 <1 <1 0 <1 (0) 


No. of eyes 271 271 271 271 269 268 269 268 





Mean + SD IOP, mmHg 1.86 = 6.17 —2.27 + 5.17 


* ALT indicates argon laser trabeculoplasty. 


evaluate the simultaneous influence of several factors on 
the proportion of patients having a particular outcome.” 


RESULTS 


A total of 271 patients were randomized in the GLT 
between January 1984 and April 1987. All received the 
first applieation of ALT and 269 received the second 
application. One of the 2 patients who did not receive 
the second application developed persistent iritis in 
both eyes 15 days after TS 1. The iritis was not 
thought te be related to the laser treatment by the 
GLT ophthalmologist. The other patient dropped out 
of the study after the clinic visit 1 week after TS 1. One 
additional patient left the clinic before the 4-hour 
measurement of IOP after TS 2. 

Adherence to the laser treatment protocol was 
monitored throughout the trial by reviewing the 
location and effect of the laser burns applied at each 
laser session. More than 10% of the laser burns were 
anterior te ideal (straddling the pigment and nonpig- 
mented anterior trabecular meshwork) in 24 (9%) of 
the 271 eyes, and more than 10% of the burns were 
posterior to ideal in 20 (7%) of the treated eyes. One 
hundred sixty (59%) of the 271 eyes had less than or 
equa! to 80% of the burns result in the formation of 
asmall, stationary bubble or a bubble that burst. Only 
3% ef all burns had no effect, and less than 1% 
resulted in a bubble burst. 

The changes in IOP after each treatment session 
are summarized in Table 3. Although eyes treated 
with ALT had both increases and decreases in IOP, 
acute pressure rises in the immediate period after la- 
ser treatment.are of the most clinical importance. At 
1 hour after TS 1, the mean change from the IOP level 
before treatment for eyes treated with ALT was 1.9 
mm Hg. Fourteen percent of eyes treated with ALT 
had a rise-between 6 and 10 mm Hg, and an additional 
7% had a rise greater than 10 mm Hg. The highest 
pressure rise at 1 hour after TS 1 was 24 mm Hg (two 
patients).By 4 hours after TS 1, 8% of the eyes treated 
with ALThadpressure rises of greater than 5 mm Hg, 
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— 1.67 + 3.57 —3.32 + 3.97 1.90 + 4.93 


—0.34 + 4.20 0.4£ +320 -0.10 + 3.02 












Table 4.—Pattern of Intraocular Pressure (IOP) Change in 
Eyes Treated With Argon Laser Trabecvloplasty by Treatment 
Session 





% of Eyes 










Treatment 
Session 2 


Treatment 
Session 1 







Pattern of IOP Change 






=>6-mm Hg increase at 4 h 1 3 
No. of eyes 271 268 





Table 5.—Intraocular Pressure (IOP) Change at Treatment 
Session 2 by IOP Change at Treatment Session 1 


IOP Change et Treatment Session 2, 
% of Eyes 
IOP Change a 
at Treatment No. <5 6-10 >10 
Session 1 of Eyes mmHg mr Hg mmHg 


<5 mm Hg 

6-10 mm Hg 
>10 mm Hg 
Total 


Total 













Table 6.—Medication Use Following Treatment Sessions 
1 and 2 





% of Eyes 
—____—— 2. .000...99°. 
Treatment Treatment 
Sessio 1 Session 2 


Time of 
Medication Use 


Treatment visit 















No medication given 90 96 

Medication at 1 h only 7 1 

Medication at 4 h only 1 3 

Medication at 1 and 4h 1 1 
Overnight medication 

No medication 97 99 

Medication 3 1 


Argon Laser Trabeculoplasty—GLT Research Group 1137 


Table 7.—Maximum Intraocular Pressure (IOP) Increase by 
Patient, Eye, and Treatment Characteristics * 


Maximum IOP Increase, 
% of Eyes 
_-----—————————_. 
No. <5 6-10 >10 


Characteristic of Eyes mm Hg mm Hg mm Hg P 


History of hypertension 
Absent 


Present 


History of diabetes 
Absent 


Present 


History of coronary heart 
disease 


Absent 
Too Ll lOO E a a a a sd 


Present 
History of vascular disease 
Absent 


Present 


Family history of glaucoma 


Absent 
each ee ei od: 


Present 18 9 
Iris color 
Brown 


eens nition skis. 
Other 20 14 


Trabecular meshwork 
pigmentation 
None 
i a 
Mild 8 
Moderate or heavy 


Homogenity of pigment 
Homogeneous 


Variegated 





and none had a pressure rise greater than 10 mm Hg. 
For eyes assigned to initial medical treatment, 
the mean change in IOP at 1 hour after TS 1 was —1.7 
mm Hg. Only 3% of these eyes had a rise between 6 
and 10 mm Hg, and none had a rise greater than 10 
mm Hg. 

Changes in IOP after TS 2 also are summarized in 
Table 3. The mean change in IOP from before TS 2 to 
1 hour after the laser treatment was 1.9 mm Hg. 
Thirteen percent of eyes treated with ALT had a rise 
between 6 and 10 mm Hg, and an additional 4% had 
a rise greater than 10 mm Hg. The highest pressure 
rise at 1 hour after TS 2 was 33 mm Hg (one patient). 
Six percent of the eyes treated with ALT had a pres- 
sure rise between 6 and 10 mm Hg at 4 hours after la- 
ser treatment. Two percent had a rise greater than 10 
mm Hg. For eyes assigned to initial medical treat- 
ment, the mean change in IOP at 1 hour after TS 2 was 
0.5 mm Hg. Five percent of these eyes had a rise be- 
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Table 7.—Maximum Intraocular Pressure (IOP) Increase by 
Patient, Eye, and Treatment Characteristics * (cont) 





Maximum IOP Increase, 
% of Eyes 
oe 
No. <5 6-10 >10 
of Eyes mm Hg mm Hg mm Hg 













Characteristic 


Refractive error, diopters 


5-9 54 65 24 11 


e lh 
=E 0 +1 138 67 21 12 .94 


Fy aan ne SA Ea 
ee gi 79 66 22 13 


Visual field defect 
Absent 


Present 































Mean defect per spot in 







visual field, dB 
<2 79 59 28 13 
Cee AE: 


2-6 





Mean IOP before treatment, 








mm Hg 
<25 93 63 24 13 
E a eee ee 
25-29 108 68 22 10 61 






St a a 
>30 


Laser effect 
<80% bubble formation 160 71 20 9 


>80% bubble formation 111 
Burns anterior to ideal,, % 
















.06 















<10 247 67 22 11 21 
———-_-———————— ; 
>10 21 21 

Burns posterior to ideal,, % 
=10 251 67 22 17 19 
ee i OR ny a ree G , 







>10 20 55 25 20 
Average power, mW 






<750 57 58 28 14 
Se th 
750-849 51 63 24 14 










8 
9 


= 


50-949 
50-1049 
050 54 63 24 13 














* P values are for the x? statistic for ordered categories. '° 


tween 6 and 10 mm Hg. An additional 1% had a rise 
greater than 10 mm Hg. Two of the three eyes 
assigned to medical treatment that had increases 
greater than 10 mm Hg had simultaneous pressure 
elevations of 20 mm Hg or more in the eye treated 
with ALT. The third such patient had an increase of 
3mm Hg in the eye treated with ALT. 

A small percentage of eyes treated with ALT had 
pressure rises of greater than 5 mm Hg 4 hours after 
laser treatment despite no such elevation 1 hour af- 
ter treatment (Table 4). Three (1%) of the patients 
after TS 1 and eight (3%) of the patients after TS 2 had 
delayed pressure rises. The pressure rise exceeded 10 
mm Hg at 4 hours after having been less than or equal 
to 5 mm Hg at 1 hour in two patients. 

Patients who had a pressure rise after TS 1 were 
more likely to have a pressure rise after TS 2 
(P < .001) (Table 5). Twenty-one (35%) of patients 
with an IOP rise of more than 5 mm Hg after TS 1 had 
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Table 8.—Presence of Aqueous Cells or Flare at 1 Week 
After Argon Laser Trabeculoplasty Visits by Maximum Rise in 
Intraocular Pressure (IOP) * 







% of Eyes 
ra A n 
Aqueous 

Cells 


Maximum Rise No. 
of Eyes 








Flare 
















Treatment session 1 
=5 7 6 
6-10 
>10 
Total 
Either treatment session 
=5 
6-10 
>10 
Total 265 5 5 
* Values inthe top half of the table are for 1 week after treatment session 1, and 
in bottom half, for 1 week after treatment session 2. 












such a pressure rise after TS 2. Only thirty-one (15%) 
of patients who had pressure changes less than or 
equal to 5mm Hg at TS 1 had a rise at TS 2. 

The above DOP changes for TS 2 were calculated 
using the POP measured 1 hour before TS 2 as the ref- 
erence level. If the IOP measurement made before 
TS 1 is used, 9 (3%) of 269 ALT eyes had an increase 
between 6 and 10 mm Hg and 5 (2%) had an increase 
greater than 10 mm Hg. Seven of these 14 eyes had 
IOP increases of more than 5 mm Hg at TS 1. 

The GLT protocol permitted administration of 
pressure-lowering medication to treat the ALT- 
treated eye whenever the pressure rise was greater 
than or ecual to 5 mm Hg and the GLT ophthalmol- 
ogist believed that the elevated IOP endangered the 
patient. Ten percent of the patients at TS 1 and 4% of 
the patients at TS 2 received medications to reduce 
the IOP in their eye treated with ALT. 

In an attempt to identify risk factors for pressure 
rises, a number of patient, ALT-treated eye, and 
treatment characteristics were examined (Table 7). 
Eyes with a pressure change greater than 5 mm Hg 
at any of the four observation times after the laser 
sessions were considered as having a pressure rise. No 
significant relationships between pressure rise and 
any of the patient characteristics were detected. Of 
the ocular characteristics examined, only the degree 
of pigmentation of the trabecular meshwork was cor- 
related with pressure rises. Patients with moderate or 
heavy pigment, as measured at the 12-o’clock position 
in the angle, were more likely to have had moderate 
to large pressure rises (P = .001). The IOP level before 
TS 1 did not correlate with pressure rises. Optic disc 
characteristics, such as cup-to-dise ratio and neural 
rim abnormalities, were examined and were not 
strongly associated with pressure rises. Patients in 
whom mere than 80% of the laser burns produced 
bubble formation, with or without pigment burst, had 
more pressure rises (P = .060). A higher proportion of 
eyes with more than 10% of the burns anterior to the 
idea! location had pressure rises, although this asso- 
eiation was not statistically significant (P = .21). The 
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Table 9.—Development, of Peripheral Anterior Synechiae 
(PAS) in Eyes Treated With Argon Laser Wrabeculoplasty 

3 Months After Treatment Session 1 by Eye and Treatment 
Characteristics * 








Development of PAS 


_—_—————— eR 


To the 
No. Any, Trabecular 
of % of Meshwork, 







Characteristic P % of Eyes 


Iris color 
Brown 


Other 

Trabecular meshwork 
pigment 

None 35 

Mild 

Moderate or heavy 





Eyes Eyes 
























Maximum IOP rise at 
either treatment, mm Hg 


28 62 


Laser effect 
<80% bubble formation 155 48 43 35 37 
EE . —— . 
>80% bubble formation 106 43 30 


Burns posterior to ideal, % 
=10 241 45 31 


>10 


Mean power, mW 
<750 
750-849 
850-949 
950-1049 49 53 45 


= 1050 53 47 


* P values are for the x? statistic for ordered categories. "° IOP indicates intra- 
ocular pressure. 












observed proportion of eyes wita pressure rises did 
not increase with increased power settings; in fact, it 
decreased slightly. 

Since some of the characteristics listed in Table 7 
were correlated with one another, multivariate anal- 
yses were performed to identi=y the factors that 
maintained their association when the effect of the 
others was taken into considerat:on. Two separate lo- 
gistic regression analyses, one asing a rise greater 
than 5 mm Hg at either treatment session and the 
other using a rise greater than 1) mm Hg as the out- 
come variable, produced similar results. None of the 
characteristics listed in Table 7 had a statistically 
significant association with IOP rises after the pres- 
ence of moderate or heavy pigment of the trabecular 
meshwork had been taken intc account. Although 
there were significant center effects, the strong rela- 
tionship between pigmentation and pressure rises 
persisted after adjustment for center. 

The presence of aqueous cells or flare was graded 
during the examinations performed 1 week after each 
of the treatment sessions. Aqueous cells and flare 
were each seen in 7% of eyes treated with ALT after 
TS 1 and in 5% of eyes treated with ALT after TS 2 
(Table 8). Aqueous cells and flar2 were not related to 
the degree of IOP rise after ALT. 

A gonioscopic examination to detect PAS was per- 
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formed during the visit scheduled 3 months after 
TS 1. Three eyes that had PAS before randomization 
were excluded from analyses of PAS development. A 
total of 121 (46%) of 261 patients completing the 
3-month visit developed at least 1° of PAS involving 
the ciliary band or more anterior structures. The PAS 
extended to the trabecular meshwork in 87 (33%) of 
eyes treated with ALT. Table 9 displays the propor- 
tion of patients with the development of PAS for var- 
ious subgroups based on eye and treatment charac- 
teristics. Patients with brown irides were more than 
twice as likely to have PAS and three times as likely 
to have PAS extension to the trabecular meshwork 
than patients with other iris colors (P < .001). Those 
eyes having more than 10% of the burns applied pos- 
terior to the ideal location had a higher rate (60%) of 
PAS extension to the trabecular meshwork than eyes 
with fewer burns posterior to the ideal location (31%; 
P= .02). Logistic multiple-regression analyses 
showed that the correlation between PAS extension 
to the meshwork and posterior placement of the burns 
was independent of iris color. Both factors, placement 
of burns and iris pigmentation, independently affect 
PAS formation. The laser burn effect, the average 
power, the degree of IOP rise immediately after 
treatment, and pigmentation of the meshwork did not 
influence the development of PAS. 


COMMENT 


The ALT treatment protocol in the GLT was 
designed with the goal of minimizing side effects 
without compromising long-term pressure-lowering 
effects. Results from earlier investigations of ALT 
suggested that treating 180° of the trabecular mesh- 
work in a treatment session decreased the frequency 
of acute pressure rises relative to treating 360° of the 
trabecular meshwork.” Also, results of studies at 
Wills Eye Hospital (Philadelphia, Pa) provided evi- 
dence that treating the anterior rather than the pos- 
terior trabecular meshwork reduced the development 
of PAS." Despite the selection in the GLT of treat- 
ing 180° of the anterior trabecular meshwork during 
each treatment session, IOP rises and PAS develop- 
ment were not eliminated. 

Of the 269 patients who underwent both laser 
treatment sessions, 91 (34%) had an IOP rise of more 
than 5 mm Hg in the eye treated with ALT at one or 
both sessions, and 32 (12%) had an IOP rise of more 
than 10 mm Hg at one or both sessions (Table 7 ). The 
pretreatment IOP level was not predictive of pressure 
rises. Eyes treated with ALT that had a pressure rise 
after TS 1 were more likely to have a pressure rise af- 
ter TS 2 than eyes that did not have a pressure rise 
after TS 1 (Table 5). This relationship was true 
whether IOP increases of more than 5 mm Hg or IOP 
increases of more than 10 mm Hg were considered 
pressure rises. Although all patients should be mon- 
itored after a second treatment session, patients who 
have high pressure rises after one treatment session 
should be watched particularly closely. However, the 
effect of a pressure rise after the second treatment 
session may not be as great as the effect of a pressure 
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rise after the first treatment session. Most patients 
had a lower IOP before TS 2 than before TS 1. After 
TS 2, only 5% of eyes treated with ALT had an IOP 
greater than 5 mm Hg above the pressure level mea- 
sured before TS 1. 

Only a small percentage of eyes with a pressure rise 
of less than or equal to 5 mm Hg 1 hour after treat- 
ment went on to have a pressure rise greater than 5 
mm Hg 4 hours after treatment (Table 4). However, 
since such late rises do occur, it is prudent to continue 
monitoring patients through 4 hours after treatment. 

Moderate or heavy pigmentation of the trabecular 
meshwork was the strongest risk factor for pressure 
rises after ALT (P = .001) (Table 7). Rises of more 
than 10 mm Hg were observed in 19% of eyes with 
moderate or heavy pigmentation in comparison with 
5% in eyes with no pigmentation and 8% in eyes with 
mild pigmentation. Eyes in which greater than 80% 
of the burns resulted in bubble formation also had 
more pressure rises (P = .06). However, within eyes of 
the same trabecular meshwork pigmentation, there 
was no strong correlation between reported burn ef- 
fect and IOP rise. Also, when eyes were grouped by the 
mean power level used during the treatments, no cor- 
relation with IOP elevation was observed (Table 7). 
Logistic regression analyses corroborated the lack of 
association between IOP rise and both power level 
and burn effect. Highly pigmented meshworks may 
suffer more tissue damage with a given visible effect 
and power level than lightly pigmented meshworks. 
Data supporting this hypothesis have been provided 
by at least one histopathologic study.” 

These results on IOP rise, pigmentation, and power 
level are in apparent conflict with data on ALT 
reported by Rouhiainen and coworkers. In their 
study (30 patients with open angle glaucoma and 15 
patients with capsular glaucoma), the observed per- 
centage of patients with IOP rises greater than 
ö mm Hg increased with higher levels of laser power. 
All laser burns within a treatment session were ap- 
plied at the same power level. These investigators re- 
ported no relationship between IOP rises and trabe- 
cular band pigmentation. However, patients with 
capsular glaucoma had both more pigmentation and 
more pressure rises than the patients with open an- 
gle glaucoma. The small number of patients and the 
many possible risk factors for IOP rises (type of 
glaucoma, pigmentation, laser power) make interpre- 
tation of their findings difficult. 

Among eyes assigned to initial medical treatment, 
the pattern of IOP changes after TS 1 was different 
from the pattern after TS 2 (Table 3). Four percent of 
eyes after TS 1 and 7% of eyes after TS 2 had an IOP 
rise greater than 5 mm Hg at 1 or 4 hours after ALT 
on the contralateral eye. These increases may have 
been a response to the ALT or may have been attrib- 
utable to normal diurnal variation in IOP. By TS 2, 
most of the patients had been receiving timolol for 1 
month in their eye assigned to initial medical treat- 
ment. After TS 2, the mean change in IOP in the eyes 
assigned to medical treatment was smaller in magni- 
tude than after TS 1. The presence of pressure- 
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lowering drugs in the eye may have damped the vari- 
atiom in pressure observed after TS 1. Additionally, 
the contralateral effect of timolol may have damped 


«s the pressure rises in the eye treated with ALT to a 


a 


certain degree. 

The occurrence of small peaked PAS was fairly 
common in this study, with 46% of the eyes having at 
least 1° of PAS to the ciliary band, and the majority 
of these (33% of all eyes treated with ALT) had PAS 
to the trabecular meshwork. This incidence is higher 
than the incidence in previously reported series,'*" 
perhaps due to the counting of even a single degree of 
PAS. Brown iris color was associated with markedly 
higher rates of PAS development (Table 9). Eyes with 
a relatively high percentage of burns placed posterior 
to ideal alse had elevated rates of PAS development. 
There was no correlation of PAS development with 
laser burn effect, average laser power, or IOP rise af- 
ter treatment. 

The observed frequency and degree of pressure 
rises and PAS formation within 3 months after the 
first treatment session would not outweigh the bene- 
fits of ALT if ALT were effective in lowering IOP and 
preventing visual field deterioration. Evaluation of 
such long-term effects of ALT as initial treatment for 
POAG requires further follow-up of patients in the 
GLT and other studies. 


The GLT is supported by grants EY04563, EY04626, EY04614, 
EYOS889, EY04582. EY04634, EY05875, EY05884, and EY04945 
from the Natienal Eye Institute, National Institutes of Health, Be- 
thesea, Md. 

The GLT Research Group 

The participants in the GLT Research Group, as of January 1989, 
are as follows: 

Clinical Centers 

Massachusetts Eye and Ear Infirmary, Boston.—Joseph Krug, Jr, MD; 
Mary Chiavelli, RN (Coordinator); Inez Berry; Claudia Evans, 
OD; Marieta Joyner; Ria Kittay; Audrey Melanson; Kathy 
Stout; Ruth Way, OD; David Epstein, MD (Director, 1983 to 
71986); Frank Berson, MD (Associate Director, 1983 to 1986); 
Mark Latina, MD (Associate Director, 1986 to 1987); Shlomo 
Melamed, MID (Associate Director, 1984 to 1988); Elizabeth- 
anne Johnson (1984 to 1985); Andrea Lindenmeyer (1984 to 
1986); Roberta McGee (1985 to 1987); Thomas J. Smith, MD 
(1984 to T985). 

University of Ilinois Eye and Ear Infirmary, Chicago.—Jacob Wilen- 
sky, MD (Director); Howard Tessler, MD (Associate Director); 
Diane Frohlichstein, COT (Coordinator); Joan Anderson, COT; 
Norbert Jedneck; Rosanna Peterson, COT; Catherine Reiter, 
COT: Karen Millman, COT (1985 to 1986) Helene Siegel, COT 
(1984 to 1987): Vicki Spigelman, COT (1985 to 1986); Michele 
Sprincz (1985 to 1986). 

Sinai Hospital of Detroit (Mich).—Hugh Beckman, MD (Director); 
Marshall Cyrlin, MD (Associate Director); Christine Czedik 
Ceordinator). 

New York Eyeand Ear Infirmary, New York.— Robert Ritch, MD (Di- 
rector); Morrts Podolsky, MD (Associate Director); David 
Steinberger( Coordinator); Jamil Abdul-Azim; Mark Johnson; 
Jeffrey Krantz; Virginia Sweeney (Coordinator, 1983 to 1986); 
Jehn Cunningham (1984); Leandro Maranan (1987 to 1988); 
Angel Terrero (1984 to 1985); Meghasyamarao Theertham 
(1985 to 1987) 

Wills Eye Hospital, Philadelphia, Pa.—George Spaeth, MD (Di- 
reetor); L. Jay Katz, MD (Associate Director); Coleen Becker- 
shoff (Coordinator); Donna DePiano; Jeanne Molineaux; Jamie 
Nicholl; Patricia Petrakis; Joan Slagle; Joseph Caprioli, MD 
(Associate Dinector, 1983 to 1985); Steven Simmons, MD (Asso- 
crate Director, 1985 to 1986); Sarah Strang (Coordinator, 1983 
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to 1985); Madeline Capone (1984 to 1985); Maria Sammartino 
(1985 to 1988); Roberta Sandy (1984 to 19859; Richard Wilson, 
MD (1985 to 1986); Donna Wittkowski (1985). 

Emory Eye Center, Atlanta, Ga.—M. Angela Vela-Thomas, MD (Di- 
rector); Thomas Harbin, Jr, MD (Assoeiate Director); Donna 
Leef, CO, COMT (Coordinator); Susan Gomez (Coordinator); 
Mary Gemmill; James Gilman; Kathy Meore; Ray Swords; 
Julie Wright; David Campbell, MD (Director, 1985 to 1986); 
Stephan Carlton (1987 to 1988); Mary Kay Frank (1985 to 1986); 
June LaSalle (1985 to 1987); Mark Maio (1985 to 1988); Paula 
Nicholas (1986 to 1988); Chris Snipes (1986 te 1987). 

Ohio State University, Columbus.— Paul Weber, MD (Director); Fred- 
erick Kapetansky, MD (Associate Director); Kathryne McKin- 
ney (Coordinator); Mick Clark; Diane Moore; Lori Simmons; 
Stephanie Jones (1985 to 1986). 

Medical College of Wisconsin, Milwaukee.— Ronald Radius, MD (Di- 
rector); Kristine Klewin, MD (Associate Director), Janet Sopa, 
LPN (Coordinator); Beverly Gundersen; Mary Richie; Walter 
Wipplinger; Diane Bauer (Coordinator, 1985 to 1987); Christine 
Lange (Coordinator, 1986 to 1988); Debra Bence (1985 to 1987); 
Prudence Helt (1985 to 1986); Joan Kavanagh (1985 to 1986); 
Chloe Wolf (1985 to 1986). 

Former Clinical Centers 

Albany (NY) Medical College (1983 to 1985).—Pei-Fei Lee, MD 
(Director); Ching-Tarng Hsu, MD (Asseciate Director); Sharon 
Plachte (Coordinator); Karen Cherrier; Michel Mehu. 

Estelle Dohney Eye Foundation, Los Angeles, Calif (1985).—Donald 
Minckler, MD (Director); George Baerveldt, MD (Associate 
Director); Al Benavente (Coordinator) Tom Clark; Steve Del- 
gado; Michele Goodman; Eva Griffay; Maria Trujillo. 

Ochsner Clinic, New Orleans, La (1985).—Thom Zimmerman, MD, 
PhD (Director); Laurence Arend, MD (Associate Director); 
Kathleen Larson (Coordinator); Rebecea Thiele; Natalie Vick- 
ers. 

University of Arizona, Tucson (1983 to 1984)—Jenathan Herschler, 
MD (Director); William Durant, MD (Associate Director); 
Margie Davis (Coordinator); Dennis Haymore. 

Resource Centers 

Coordinating Center, The Johns Hopkins University, Baltimore, Md.— 
Curtis Meinert, PhD (Director); Alice Sternberg, ScM (Asso- 
ciate Director); Debra Amend-Liberccgs Kathryn Connor; John 
Dodge; Charlotte Gerezak; Vivian Haynes; Milana Isaacson; 
Charlene Levine; Maureen Maguire, PhD; James Tonascia, 
PhD; Susan Tonascia, SeM; Deborah Wetzel; Barbara Hawk- 
ins (Associate Director, 1985); Betty Bonds (1983 to 1986); Joe 
Canner (1985 to 1987); Gina Gunther (1983 to 1988); Beverly 
Thomas (1985 to 1988); Nina Tu (1983 to 1985); Cao Xu (1985 to 
1986). 

Disc Stereophotography Reading Center, Wills Eye Hospital, Philadel- 
phia, Pa.—George Spaeth, MD (Director); L. Jay Katz, MD 
(Associate Director); Coleen Beckersheff (Coordinator); Donna 
DePiano; Marcia Jackson; Lilian Barone (1985 to 1987); Pam- 
ela Gross (1985); Steve Morganstern (1987 to 1988); Maria 
Sammartino (1985 to 1988); Carol Strong (1988). 

Visual Field Reading Center, University of Illinois Eye and Ear Infirmary, 
Chicago.—Jacob Wilensky, MD (Directer); Diane Frohlich- 
stein, COT (Coordinator). 

Chairman’s Office, Sinai Hospital of Detroit (Mich).—Hugh Beckman, 
MD (Study Chairman); Joy Crabtree; Christine Czedik; Shir- 
ley Sundermeyer. 

Project Office, National Eye Institute, Bethesda, Vid.—Peter Dudley, 
PhD; Anita Suran, PhD (1983 to 1985). 

Committees 

Steering Committee.—Hugh Beckman, MD ‘Chairman); Peter Dud- 
ley, PhD; Joseph Krug, Jr, MD; Milana Isaacson; Curtis L. 
Meinert, PhD; Ronald Radius, MD; Rebert Ritch, MD; George 
Spaeth, MD; M. Angela Vela-Thomas, MD; Paul Weber, MD; 
Jacob Wilensky, MD. 

Executive Committee.—Curtis L. Meinert, PhD (Chairman); Hugh 
Beckman, MD; Peter Dudley, PhD; Milana Isaacson. 

Treatment Effects Monitoring and Advisory Committee.— Voting Mem- 
bers: John Lachin, ScD (Chairman); David Dueker, MD; Doug- 
las Gaasterland, MD; Paul Kaufman. MD; M. Cristina Leske, 
MD, MPH. Nonvoting Members: Hugh Beckman, MD; Peter 
Dudley, PhD; Maureen Maguire, PhD; Curtis Meinert, PhD; 
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Alice Sternberg, ScM. 

Design and Quality Assurance Committee—Hugh Beckman, MD; Pe- 
ter Dudley, PhD: Milana Isaacson; Maureen Maguire, PhD; 
Curtis Meinert, PhD; George Spaeth, MD, Alice Sternberg, 
ScM; Jacob Wilensky, MD. 


References 


1. Wise JB. Long-term control of adult open angle glaucoma by 
argon laser treatment. Ophthalmology. 1981;88:197-202. 

2. Horns DJ, Bellows AR, Hutchinson BT, Allen RC. Argon la- 
ser trabeculoplasty for open angle glaucoma: a retrospective study 
of 380 eyes. Trans Ophthalmol Soc UK. 1983;103:288-296. 

3. Tuulonen A. Laser trabeculoplasty as primary therapy in 
chronic open angle glaucoma. Acta Ophthalmol. 1984;62:150-155. 

4. Rosenthal AR, Chaudhuri PR, Chiapella AP. Laser trabeculo- 
plasty primary therapy in open-angle glaucoma: a preliminary re- 
port. Arch Ophthalmol. 1984;102:699-701. 

5. Thomas JV, El-Mofty A, Hamdy EE, Simmons RJ. Argon la- 
ser trabeculoplasty as initial therapy for glaucoma. Arch Ophthal- 
mol. 1984;102:702-703. 

6. Thomas JV, Simmons RJ, Belcher CD. Complications of argon 
laser trabeculoplasty. Glaucoma. 1982;4:50-52. 

7. Weinreb RN; Ruderman J, Juster R, Zweig K. Immediate 
intraocular pressure response to argon laser trabeculoplasty. Am 
J Ophthalmol. 1983;95:279-286. 

8. Hoskins HD, Hetherington J, Minckler DS, Lieberman MF, 
Shaffer RN. Complications of laser trabeculoplasty. Ophthalmol- 
ogy. 1983;90:796-799. 

9. Eguchi S, Yamashita H, Yamamoto T, Shirato S, Kitazawa Y. 
Methods of argon laser trabeculoplasty, complications and long- 
term follow-up of the results. Jpn J Ophthalmol. 1985;29:198-211. 

10. Krupin T, Kolker AE, Kass MA, Becker B. Intraocular pres- 
sure the day of argon laser trabeculoplasty in primary open-angle 
glaucoma. Ophthalmology. 1984;91:361-365. 

11. Frucht J, Bishara S, Ticho V. Early intraocular pressure re- 
sponse following laser trabeculoplasty. Br J Ophthalmol. 1985; 
69:771-773. 


1142 Arch Ophthalmol—Vol 107, August 1989 


12. Rosenblatt MA, Luntz MH. Intraocular pressure rise after 
argon laser trabeculoplasty. Br J Ophthalmol. 1987;71:772-775. 

13. Traverso CE, Greenidge KC, Spaeth GL. Formation of 
peripheral anterior synechiae following argon laser trabeculoplas- 


ty: a prospective study to determine relationship to position of la- 


ser burns. Arch Ophthalmol. 1984;102:861-863. 

14. Rouhiainen HJ, Terasvirta ME, Tuovinen EJ. Peripheral an- 
terior synechiae formation after trabeculoplasty. Arch Ophthal- 
mol. 1988;106:189-191. 

15. Glaucoma Laser Trial Research Group. Design Summary. 
Springfield, Va: National Technical Information Service; 1985. Ac- 
cession No. PB&86-101045, March. 

16. Glaucoma Laser Trial Research Group. Handbook. 
Springfield, Va: National Technical Information Service; 1985. Ac- 
cession No. PB86-101039, March. 

17. Glaucoma Laser Trial Research Group. Forms and Charts 
Book. Springfield, Va: National Technical Information Service; 
1985. Accession No. PB&86-1-9675, March. 

18. Cochran WG. Some methods for strengthening the common 
x’? test. Biometrics. 1954;10:417-451. 

19. Walker SH, Duncan DB. Estimation of the probability of an 
event as a function of several independent variables. Biometrika. 
1967;54:167-179. 

20. Thomas JV, Simmons RJ, Belcher CD. Argon laser trabecu- 
loplasty in the pre-surgical glaucoma patient. Ophthalmology. 
1982;89:187-197. 

21. Weinreb RN, Ruderman J, Juster R, Wilensky J. Influence of 
the number of laser burns administered on the early results of ar- 
gon laser trabeculoplasty. Am J Ophthalmol. 1983;95:287-292. 

22. Schwartz LW, Spaeth GL, Traverso C, Greenridge KC. Vari- 
ation of techniques on the results of argon laser trabeculoplasty. 
Ophthalmology. 1983;90:781-784. | 

23. Starita RJ, Rodrigues MM, Fellman RL, Spaeth GL. Histo- 
pathologic verification of laser burns in argon laser trabeculoplas- 
ty. Ophthalmic Surg. 1984;15:854-858. 

24. Rouhiainen HJ, Terasvirta ME, Tuovinen EJ. Laser power 
and postoperative intraocular pressure increase in argon laser tra- 
beculoplasty. Arch Ophthalmol. 1987;105:1352-1354. 


Argon Laser Trabeculoplasty—-GLT Research Group 


wa 


Clinical Sciences 


MK-927: A Topically Effective Carbonic 


Anhydrase Inhibitor in Patients 


Alain M. Bron, MD; Erik A. Lippa, MD, PhD; Hans M. Hofmann, MD; Brigitte I. Feicht, MD; 
Jean G. Royer, MD; Françoise L. Brunner-Ferber, PhD; Deborah L. Panebianco, MS; Hans A. Von Denffer, MD 


ə The effects on intraocular pressure of 
the novel topical carbonic anhydrase in- 
hibiter MK-927 were investigated for the 
first time in patients. Three drops of 2% 
MK-927 was administered in a two-center, 
deuble-masked,. randomized, placebo- 
controlled, two-period crossover study in 
25 patients withbilateral primary open an- 
gle glaucoma or ocular hypertension. At 
4.5 hours after the dose, MK-927-treated 
eyes demonstrated a peak mean change 
of —7.7 mm Hg from a mean intraocular 
pressure of 27.8 mm Hg immediately be- 
fore the dose; this compares with a change 
of —3.9 mm Hg from a mean intraocular 
pressure of 28.2 mm Hg when the same 
eyes were treated with placebo. The peak 
mean percent change in intraocular pres- 
sure in eyes treated with MK-927 was 
—26.7% at 6 hours after the dose com- 
pared with a change of —13.7% after 
treatment with placebo. No contralateral 
effect on intraccular pressure due to MK- 
927 was observed. 

(Arch Ophthalmol. 
1146) 


1989; 107:1143- 


Although systemic carbonic anhy- 

drase inhibitors (CAIs) have been 
known for mere than 35 years to de- 
crease intraecular pressure (IOP), 
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their use in the routine medical man- 
agement of glaucoma has been se- 
verely limited owing to poorly toler- 
ated side effects, including general 
malaise, gastrointestinal distur- 
bances, and renal calculi, among oth- 
ers. A topical CAI would not be ex- 
pected to have substantial side effects 
and, if clinically efficacious, it would 
represent a significant advance in the 
medical treatment of glaucoma and 
ocular hypertension. It could well rep- 
resent medical treatment of choice if it 
were shown to be well tolerated, long 
acting, and devoid of systemic side ef- 
fects. 

Poor ocular penetration of topical 
formulations of currently marketed 
compounds led to the investigation of 
potent CAIs specifically designed and 
developed for topical ocular admin- 
istration.'* However, prior to MK-927, 
these new topical agents have shown at 
most a modest effect on IOP in clinical 
trials despite good activity in rabbit 
models. Multiple doses of 6-hydroxy- 
benzo[b]-thiophene-2-sulfonamide (L- 
650,719) showed no significant activity 
in normal volunteers,’ although activ- 
ity had been observed in rabbit 
models.© The compound 6-amino-2- 
benzothiazolesulfonamide in a gel for- 
mulation showed good activity in a 
rabbit model’ but a lesser effect in 
patients? and did not induce a substan- 
tial decrease in aqueous humor flow in 
normal subjects.’ 

The chemical structure of MK-927 is 
5,6-dihydro-4-(2-methylpropyl) amino 
- 4H - thieno[2,3 - b]thiopyran - 2- sul- 
fonamide 7,7-dioxide hydrochloride. It 
is a new, potent, water-soluble CAI 
with a concentration of 13 nmol/L in- 


hibiting enzymatic activity of human 
carbonic anhyécrase isozyme II by 50% 
in vitro.!° MK-927 is available in oph- 
thalmic preparations with concentra- 
tions from 0.5% to 2.0%. The formula- 
tion used in this study was an isotonic, 
aqueous solutien of 2.0% MK-927 with 
viscosifying agents. It was buffered at 
a pH of 5.2 and preserved with ben- 
zalkonium chloride. Excellent IOP- 
lowering activity has been demon- 
strated in rabbit models'” and in a 
monkey model” 

An ocular tolerance study in 
healthy, normal volunteers has dem- 
onstrated acceptable ocular tolerabil- 
ity at 2%, the maximum available 
concentration. In addition, after three 
drops (the second and third drops fol- 
lowing the first by 60 minutes and 70 
minutes, respectively) of 2% MK-927, 
a mean percent change in IOP (from 24 
hours before dosing) of —29.7% was 
observed.” 

To our knowledge, the investigation 
reported herein was the first study of 
MK-927 in a patient population. In 
view of the known difficulty of trans- 
lating activity demonstrated in animal 
models to efficacy in man, this study 
was specifically designed to enable the 
precise determination of whether top- 
ical administration of MK-927 pos- 
sesses any clinically relevant IOP-low- 
ering activity in patients. To this end 
patients received three doses of 2% 
MK-927 10 minutes apart with eyes 
remaining closed for 5 minutes follow- 
ing each dose (one drop, approximately 
32 uL) to proleng ocular contact time, 
and a fully placebo-controlled cross- 
over design was used. This design also 
enabled us to assess whether a con- 
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tralateral effect was present. As MK- 
927 binds to pigment to some extent, 
patient data on iris color were col- 
lected to enable us to assess whether 
the degree of activity is related to iris 
color, as is generally believed to be the 
case for timolol maleate, a compound 
that also binds to pigment. 


PATIENTS AND METHODS 
Patient Selection and Entry 


Patients were selected based on a medical 
history and ocular examination between 2 
and 14 days prior to treatment. Patients 
were to be male or postmenopausal or ster- 
ilized women between 30 and 82 years of age 
in whom history and examination were 
consistent with the diagnosis of primary 
open angle glaucoma or ocular hyperten- 
sion. 

Following designated washout of ocular 
hypotensive medications (vide infra), IOP 
had to be elevated, relatively symmetric, 
and relatively stable, defined as follows: (1) 
The IOP had to be greater than or equal to 
23 mm Hg with a difference between eyes of 
less than or equal to 6 mm Hg at 10 AM on 
both the prestudy screening day and at 10 
AM on the first treatment day immediately 
prior to drug administration. (2) For each 
eye, the difference between the 10 Am pre- 
study screening IOP and that obtained at 10 
AM on the first treatment day prior to test 
drug administration was to be no higher 
than 5 mm Hg. Exclusion criteria included 
concomitant systemic or dermatologic med- 
ication known to affect IOP, a history of in- 
traocular surgery, and best corrected 
Snellen visual acuity at distance equal to or 
worse than 20/100 OU. 


Study Design 


This was a two-center, double-masked, 
randomized, placebo-controlled, two-period 
crossover study. There were two treatment 
days separated by a 1-week washout period. 
Treatments consisted of 2% MK-927 oph- 
thalmic solution in one eye and placebo 
(vehicle) in the other eye on one treatment 
day; both eyes received placebo on the other 
treatment day. On each of the treatment 
days IOP was first measured at 10 Am. The 
patient then received the appropriate drops 
in each eye every 10 minutes for a total of 
three drops in each eye. The IOP was then 
measured at 1, 2, 3, 4.5, 6, and 8 hours after 
the first dose. The patient kept both eyes 
closed for 5 minutes following the instilla- 
tion of each set of drops. 

Within each of the two centers, all mea- 
surements of IOP were performed by the 
same person, tonometry was performed af- 
ter instillation of a fluorescein/benoxinate 
solution, and the same Goldmann applana- 
tion tonometer was used for all patients. 
This study was approved by the appropriate 
hospital ethical review committees and 
each patient gave his informed consent 
prior to entry into the study. The prestudy 
washout period was defined as follows: A 
patient who had been receiving long-term 
treatment with pilocarpine, carbachol, or 
aceclidine ophthalmic solution could con- 
tinue its use until 7 days prior to the pre- 


study screening examination. Treatment 
with all other topical or systemic ocular 
hypotensive agents was discontinued at 
least 14 days prior to the prestudy exami- 
nation. Symptoms, visual acuity, and exter- 
nal and anterior segments were closely 
monitored before the dose and through the 
8 hours after the dose. Iris color was cate- 
gorized as green, blue, hazel or light golden 
brown, brown, or dark brown. 


Statistical Methods 


The matched pairs t test (corroborated by 
the signed-rank test) was used at each time 
point to test the within-treatment null hy- 
pothesis of no change in IOP from hour 0 
(immediately before the dose), zero percent 
change in pressure from before the dose, 
and no change in the pressure difference 
between eyes from before the dese. Analy- 
sis of variance was used to test the null hy- 
pothesis that there was no difference be- 
tween treatments (2% MK-927 vs placebo) 
with regard to change in IOP, percent 
change in IOP, and change in the IOP dif- 
ference between eyes. 

The first model included terms for treat- 
ment, period, and patient, with the patient 
term being split into components for drug 
sequence. The test for drug sequence effect 
was not significant, so the model was rerun 
with the patient term split into components 
for prior ocular hypotensive therapy and 
iris color. Terms for the two-way interac- 
tion between treatment and prior therapy 
and between treatment and iris color were 
also included. As a secondary analysis, be- 
tween-treatment comparisons were also 
made separately within each prior therapy 
group and separately by iris color. McNe- 
mar’s test was used to compare the inci- 
dence of ocular symptoms and signs be- 
tween treatments and between the MK- 
927-treated eye and the contralateral eye. 


RESULTS 


Twenty-seven patients entered the 
study. One patient dropped out after 
the first period for personal reasons. 
(This patient received placebo in both 
eyes.) Another patient completed the 
study but was dropped from analysis 
as she had inadvertently taken a sys- 
temic -blocker during the study, a 
protocol violation. The 25 remaining 
patients completed the study per pro- 
tocol, 11 from one center and 14 from 
the other. There were 13 men and 12 
women with a mean age of 60 years 
(range, 35 to 81 years). Breakdown by 
iris color was as follows: green, six pa- 
tients; blue, seven patients; hazel or 
light golden brown, five patients; and 
brown, seven patients. Ocular hy- 
potensive therapy for patients prior to 
the study can best be characterized as 
follows: 6-blocker alone, 12 patients; 
B-blocker plus other therapy, 6 pa- 
tients (pilocarpine or epinephrine plus 
acetazolamide); parasympathomi- 
metic agent alone, 5 patients; and no 
prior therapy, 2 patients. 
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IOP 


The Table gives the IOP data 
(means + SDs) for each eye in each 
treatment period. Figures 1 and 2 
graphically portray the data corre- 
sponding to mean change in IOP from 
that immediately before the dose and 
mean percent change in IOP. 

For the MK-927-treated eye, the de- 
crease in IOP was significantly greater 
during the MK-927 period than during 
the placebo period from 3 hours 
through 8 hours after the dose 
(P < .05). The peak mean change oc- 
curred at 4.5 hours after the dose and 
equaled —7.7 mm Hg during the MK- 
927 treatment period (corresponding 
mean percent change of —26.5%) vs 
—3.9 mm Hg for the same eye during 
the bilateral placebo treatment period 
(corresponding mean percent change 
of —14.3% ). For the fellow eye, the de- 
crease in IOP was greater in the pla- 
cebo period than in the MK-927 period 
at all time points (although not signif- 
icantly so), indicating that a contralat- 
eral effect due to MK-927 was not ob- 
served in this study. 

During the MK-927 treatment pe- 
riod, the mean decrease in the MK-927 
treated eye was significantly greater 
than that in the contralateral placebo- 
treated eye from 2 hours through 8 
hours after the dose (P < .01). During 
the bilateral placebo treatment period, 
no significant differences were seen 
between the two eyes. The mean de- 
crease in the IOP difference between 
eyes was significantly greater during 
the MK-927 treatment period (peak of 
4.9 mm Hg at 6 hours after the dose) 
than during the bilateral placebo 
treatment period (0.3 mm Hg at 6 
hours after the dose) from 2 hours 
through 8 hours after the dose 
(PELi 

No significant treatment by center 
interaction was found. No significant 
difference was noted in IOP decrease 
among patients grouped by prior ther- 
apy (grouped for analysis as follows: 
B-blocker alone; 8-blocker plus other 
therapy; and no therapy or non-f- 
blocker therapy). However, the power 
to detect differences is low owing to the 
small sample size in each group. 

Although patients with green and 
blue irides had significantly greater 
mean decreases in IOP in the MK-927- 
treated eye (peak decrease of 9.8 mm 
Hg at 6 hours after the dose and 10.3 
mm Hg at 4.5 hours after the dose, re- 
spectively) than those with hazel and 
brown irides (5.6 and 6.1 mm Hg at 6 
hours post dose, respectively), this may 
well have been related to the higher 
predose IOPs, viz, blue (28.6 mm Hg) 
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y- 


and green (29.3 mm Hg) vs hazel (27.6 
mm Hg) and brown (25.7 mm Hg). 


Symptoms 


Reported symptoms must be inter- 
preted with the understanding that in 
all cases an anesthetic was adminis- 
tered and applanation tonometry was 
performed immediately prior to instil- 
lation of the first drop of both MK-927 
and placebo. The most frequently re- 
ported symptom was transient blurred 
vision (5 er 6 ef 25 patients in a given 
period) and ne significant differences 
were noted in the incidence of blurred 
vision between MK-927-treated or 
contralateral placebo-treated eyes or 
between treatment periods. Four of 25 
patients reported mild transient burn- 
ing after instillation of MK-927 vs 
nene after placebo was given to the 
same eye. Two patients reported burn- 
ing following administration of pla- 
cebo to beth eyes. Itching, stinging, 
and/or tearing were reported in 3 pa- 
tients following MK-927 and in 2 pa- 
tients following placebo. 

Transient hyperemia was noted in 1 
of 25 patients after treatment with 
MK -927. No other ocular signs or ab- 
normalities were found at any time. 


COMMENT 


This study has shown that MK-927 
possesses clinically relevant IOP-low- 
ering activity in patients after topical 
ocular administration. As greater 
than 99% inhibition of carbonic anhy- 
drase isozyme II in the ciliary pro- 
cesses is most probably required to in- 
duce a substantial decrease in aqueous 
humor produetion,’™'* the demon- 
strated activity of MK-927 is most 
likely due to greater ocular penetra- 
tion in man than that of prior com- 
pounds that have shown similar phar- 
macologic activity in vitro and in rab- 
bit models. Thus, for topical CAIs, the 
medel of laser-induced glaucoma in 
monkeys may ultimately be found to be 
somewhat more predictive of efficacy 
in man. 

This study design was devised to op- 
timize the ability to discriminate even 
minimal IOP changes and determine 
whether further evaluation of MK-927 
or related compounds in patients was 
appropriate. As, in fact, the degree of 
activity shown was substantial and 
clinically relevant, the further evalua- 
tion of MK-927 in patients with ele- 
vated IOP appeared warranted, and 
several of these investigations are in 
pregress. The preliminary results of 
one such study have recently con- 
firmed a similar degree of activity of a 
single dose of 2% MK-927 in patients 
(peak mean percent change of 
—33.1% ).” 
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Intraocular Pressure Data (mm Hg) for 25 Patients 


MK-927 Treatment Period Bilateral Placebo Treatment Period 
SSS oo — 
MK-927-Treated Eye, Contralateral Eye, ‘‘MK-927” Eye,” Contralateral Eye, 
Mean + SD Mean + SD Mean + SD Mean + SD 


27.8 + 4.6 28.1 + 4.5 28.2 + 46 28.0 + 4.5 










Hours 
After 
Dose 





























1.0 25.6 + 5.0 26.7 = 4.2 26.1 + 52 26.4 + 4.8 
2.0 22.8 + 3.8 26.3 + 4.4 24.6 + 56 25.4 + 5.0 
3.0 20.8 + 3.6 26:1 = 4.2 24.3+ 439 24.8 + 4.4 
4.5 20.0 + 3.7 24.9 + 4.9 24.2 + 57 23.8 + 4.6 
6.0 20.1 + 3.4 25.3 + 4.9 24.4+ 55 24.6 + 4.7 


















21.2 = 3.6 26.7 + 47 25.1 + 54 25.1 + 4.7 
*“MK-927" eye denotes the same eye that receives MK-927 during the MK-927 treatment period. 


Change in IOP From Hour 0, mm Hg 





Hours After Administration 


Fig 1.—Mean change in the intraocular pressure (IOP) from immediately before the dose for 25 
patients. MK-927 treatment period: squares indicate eye treated with MK-927; circles, contralat- 
eral placebo-treated eye. Placebo treatment period: diamonds indicete eye receiving MK-927 in 
the MK-927 treatment period; triangles, contralateral eye. 





o 
5 
© 
K m 
E€ 
o 
LL ee 
a 
O ve 
c —15 
o 
O 
"os 
£ -20 
O 
€ 
® 
O 
D —25 
oO. 

—30 

O 1 2 3 4 5 6 T 8 


Hours After Administration 


Fig 2.—Mean percent change in the intraocular pressure (IOP) from immediately before the dose 
for 25 patients. MK-927 treatment period: squares indicate eye treated with MK-927; circles, con- 
tralateral placebo-treated eye. Placebo treatment period: diamonds indicate eye receiving MK-927 
in the MK-927 treatment period; triangles, contralateral eye. 
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Proliferative Vitreoretinopathy 


Marianne Cowley, MD; Brian P. Conway, MD; Peter A. Campochiaro, MD; Donald Kaiser, DrPH; Hugh Gaskin, MD 


@ We reviewec the records of all pa- 
tients with rhegmatogenous retinal de- 
tachments examined and treated by a sin- 
gle surgeon (B.P.C.) at the University of 
Virginia, Charlottesville, between 1978 
and 1984. Of the 607 eyes that satisfied 
the selection criteria, a preliminary chart 
review of outcomes found that 65 (10.7%) 
had proliferative vitreoretinopathy and 34 
had macular puckers. From the remaining 
508 eyes, 325 controls were randomly se- 
lected to match each case from within a 
time window. Thirty-six (55.4%) of the 65 
patients with proliferative vitreoretinopa- 
thy had had unequivocal reattachment af- 
ter a single procedure before the onset of 
proliferative vitreoretinopathy, and the 
only clearly identified technical difficulty 
that was significantly more common in the 
patients with proliferative vitreoretinopa- 
thy was the inability to identify a retinal 
break. Several other features of the rheg- 
matogenousiretinal detachments that cor- 
related with the development of postoper- 
ative proliferative vitreoretinopathy were 
identified, and stepwise discriminant anal- 
ysis was used to ascertain which of these 
were more important. The strongest pre- 
dictor was use of vitrectomy in manage- 
ment of the detachment. Following this in 
order of importance were the presence of 
preoperative proliferative vitreoretinopa- 
thy. preoperative choroidal detachment, 
and the amount of cryopexy required. Vi- 
trectomy remained a strong predictor 
even when considered after adjustment 
for all other characteristics. These data 
suggest that proliferative vitreoretinopa- 
thyis not simply an iatrogenic disease, but 
itismore likely to occur in association with 
certain detachment features that either by 
themselves or through their management 
require prolongation of the retinal wound 
healing process. 
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[ mproved techniques in localizing 

and sealing retinal breaks have led 
to greater success rates in retinal re- 
attachment surgery.'” Concomitantly, 
proliferative vitreoretinopathy (PVR) 
has emerged as the most common 
cause of failure, occurring in 7% to 
10% of primary operations’’ and in a 
higher percentage of reoperations.*” 
There is good evidence implicating 
epiretinal cellular membranes in 
PVR,** and there is emerging experi- 
mental evidence suggesting potential 
mechanisms involved in their 
development”; however, the clinical 
risk factors for PVR are still not well 
established. 

Much of the available information 
concerning risk factors for PVR stems 
from reports of clinical observa- 
tions.'*!' Such reports have suggested 
that vitreous hemorrhage,'*'' intraoc- 
ular inflammation,’ and loss of formed 
vitreous during surgery” are possible 
predisposing factors. A disproportion- 
ately high incidence of PVR has been 
observed in association with giant ret- 
inal tears.!> These observations may 
be correct, but before they are accepted 
they should be confirmed by statistical 
comparison of features in eyes that 
develop PVR with those in an appro- 
priate control group. Two such studies 
have been reported.*'* They have iden- 
tified failure of previous surgery, pre- 
operative fixed retinal folds, horseshoe 
tears at least 3 disc diameters in size, 
and preoperative vitreous hemorrhage 
as possible contributing factors. Both 
studies suffer from the small number 
of patients studied, the small number 
of factors studied, and the limited sta- 
tistical analysis performed. In this 
study we used detailed data recording 
and statistical analysis to examine a 
large series of consecutively treated 
eyes with retinal detachments to iden- 
tify preoperative and operative vari- 
ables that might enhance the risk of 
postoperative PVR. 


SUBJECTS AND METHODS 


We examined the medical records of all 
patients with rhegmatogenous retinal de- 


tachments examined and treated by a sin- 
gle surgeon (B.P.C.) at the University of 
Virginia, Charlottesville, between 1978 and 
1984. In that period, 25 patients’ medical 
records could not be lecated. Patients with 
penetrating ocular trauma, a ruptured 
globe, or proliferative diabetic retinopathy 
(or other vasopro iferative disorder) were 
excluded. Six eyes were believed to be inop- 
erable owing to preoperative PVR; they 
were excluded frem this study. This re- 
sulted in 607 eyes that satisfied our selec- 
tion criteria. Of these, 65 eyes had postop- 
erative PVR, and another 34 had macular 
puckers. The latter will be the subject of a 
subsequent report. Frem the remaining 508 
eyes, 325 control eyes were randomly se- 
lected from within a time window (180 days 
before or after the date of surgery) to match 
each PVR case. 

The study period chasen was one in which 
the methods of examination and treatment 
were unchanged. The night before surgery 
patients underwent a complete eye exami- 
nation. A detailed retinal drawing was per- 
formed based on the findings of indirect 
ophthalmoscopy with s¢leral depression 
and biomicroscopy with a fundus contact 
lens. The majority of eyes were treated with 
a scleral buckle. The approach was the same 
in all patients ané consisted of isolation of 
the rectus muscles on traction sutures fol- 
lowed by indirect ophthalmoscopy with 
scleral depression of the entire periphery. 
Choroidal detachments, when present, 
were usually treated with 60 mg/d of pred- 
nisone for 3 to 7 days before surgery and 
were drained whenever possible before lo- 
calization and treatment of retinal breaks." 
Retinal breaks were localized, marked with 
diathermy, and treated with cryopexy. Cry- 
opexy was terminated at the first blanching 
of the retina, except when the retina was 
highly elevated; then blanching of the chor- 
oid was used as an end point. Small breaks 
or suspicious areas were treated with a sin- 
gle freeze or a few overlapping freezes, and 
large breaks were treated by minimally 
overlapping freezes around the entire cir- 
cumference of the tear, taking care not to 
treat the exposed retinal pigment epithe- 
lium. Lattice degeneration was treated with 
cryopexy and in eertain instances, either 
owing to poor visualization or suspected but 
undocumented breaks, a portion of the pe- 
riphery was treated with one or two rows of 
confluent cryopexy using the Machemer 
probe. The amount of eryepexy and all other 
details of the operation were recorded in the 
operative notes. 
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Based on location, size, type, and number, 
breaks were supported on an encircling 
band, a radial exoplant, a circumferential 
exoplant, or a combination of the above. In 
general, half-thickness silicone sponges se- 
cured with radial mattress sutures were 
used to buckle medium or large horseshoe 
tears or other posterior breaks unless, ow- 
ing to location or the presence of multiple 
breaks, a circumferential tire was judged 
superior. Overall, 94% of eyes were encir- 
cled. Drainage was performed whenever it 
was believed that there was a significant 
chance that the retina might not settle in 
the early postoperative period (84.0% of 
cases). An intravitreous injection of air or 
sulfur hexafluoride was used intraopera- 
tively when, despite drainage, the retina 
failed to settle. Table 1 gives the primary 
indications for which a vitrectomy was 
performed in management of retinal de- 
tachment. 

A three-port system was used for vitrec- 
tomies with an infusion cannula in the in- 
ferotemporal quadrant and a working scle- 
rotomy in each of the two superior quad- 
rants. Lens fragmentation and aspiration 
were performed whenever the presence of 
the lens itself or lens opacities were judged 
to be a significant impediment to the 
achievement of surgical objectives (38% of 
the vitrectomies). Vitreous cutting and as- 
piration were performed using a 20-gauge 
cutter and a fiberoptic probe for endoillu- 
mination. In all cases a core vitrectomy was 
performed followed by trimming or seg- 
mentation of the vitreous skirt as much as 
possible. Epiretinal membranes were dis- 
sected and peeled using sharp and dull vit- 
reous picks. Attempts were made to engage 
the posterior aspect of membranes, peel 
them anteriorly, and remove them from the 
eye. Epiretinal membranes were removed 
as completely as possible, but the major end 
point was to relieve enough traction to al- 
low flattening of the posterior retina and 
settling of retinal breaks on a scleral 
buckle. Internal drainage of subretinal 
fluid was performed through preexistent 
retinal breaks whenever possible and rarely 
at other times through drainage retinoto- 
mies. Retinal breaks were marked with 
transvitreal diathermy and treated with 
transscleral cryopexy or endophotocoagu- 
lation after fluid-air exchange. A scleral 
buckle was then performed using the same 
criteria for selection of supporting ele- 
ments as described above. After the scle- 
rotomies were closed with 7-0 absorbable 
sutures, an air-sulfur hexafluoride ex- 
change was performed, either by flushing 
the vitreous cavity with a 33% mixture of 
sulfur hexafluoride in air or exchanging 1.5 
mL of air for 1.5 mL of pure sulfur hexa- 
fluoride. 

All patients with intravitreous gas were 
examined 4 to 6 hours postoperatively to 
assess intraocular pressure and bubble size. 
Otherwise, postoperative examinations 
were performed daily noting the presence 
and location of subretinal fluid, choroidal 
detachment, inflammation, intraocular 
pressure, and bubble size. Patients with sub- 
retinal fluid were followed up with daily 
retinal drawings documenting the status of 
known retinal breaks and changes in 






Vitreous hemorrhage 
Severe vitreous traction 


Posterior retinal break 
Miosis 
Media problem other than vitreous hemorrhage 


Coexisting macular pucker 


Preoperative PVR grade 
C1 


*PVR indicates proliferative vitreoretinopathy. 









Feature 


Total patients with postoperative PVR 
Form 


Traction detachment alone 


Technical problem identified 
Missed break(s) 
Inadequate buckle 
Inadequate retinopexy and. or tamponade 
New break associated with retinopexy 
New break due to perforatien 
Removal of infected buckle 


Total 
(Referred after failed procedure) 


amount and location of the fluid. This, along 
with biomicroscopy with a three-mirror 
Goldmann contact lens, was used to make a 
determination as to whether the presence 
of subretinal fluid was due to slow resorp- 
tion or an unsealed retinal break. Patients 
with no subretinal fluid or slowly resorbing 
fluid with sealed retinal breaks were dis- 
charged from the hospital after 4 to 5 days 
of bed rest or appropriate positioning when 
a bubble was present. In patients with an 
unsealed retinal break(s) a determination 
was made as to whether the existing buckle 
provided adequate support for the unsealed 
break(s). In the former case, an intravitre- 
ous injection of gas was used, while in the 
latter, a revision of the sclera! buckle or a 
vitrectomy was performed. 

Patients were seen at follow-up visits in 
most cases at 2, 4, and 6 weeks, 3 months, 6 
months, and 1 year after hospital discharge. 
Nineteen percent of patients had less than 
6 months of follow-up. At each visit a 
determination was made as to whether all 
retinal breaks were sealed and whether 
epiretinal or vitreous membranes were 
present. For this study, patients were 
judged to have postoperative PVR when 
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Table 1.—Primary Indications for Performance of a Vitrectomy in Management of- 
Retinal Detachment l a, 


Giant retinal tear with rolled edge 2 (6.1) 3 (4.7) 
No breaks found 1 (3.0) 1 (4.7) 
Retina-capsular synechiae o (0) 1 (4.7) 


Table 2.— General Features of Patients in Whom Postoperative Proliferative — 
Vitreoretinopathy (PVR) Developed 


Combined traction-rhegmatogenous detachment 


Reattached (with no bubble present) prior to identification of PVR 


Cyclocryotherapy shortly before diagnosis of detachment and referral 


(Primary procedure at the University of Virginia, Charlottesville) 














Postoperative PVR, * Controls, 
No. (%) of Patients No. (%) 
5 (15.2) 4 (16) 






3 (9.1) 2 (9.5) 






1 (3.0) 1 (4.7) 








3 (9.1) 2 (9.5) 












3 (9.1) 1 (4.7) 
0 (0) 1 (4.7) 
4 (12.1) O (0) 

4 (12.1) 3 (14.2) 
1 (3.0) 1 (4.7) 
2 (6.1) 1 (4.7) 
4 (12.1) O (0) 















No. (%) 
65 






51 (78.5) 
14 (21.5) 
36 (55.4) 













=" An aod 






16 (24.6) 
(12) 
(4) 







they had a traction retinal detachment or a 
combined traction-rhegmatogenous de- 
tachment due to epiretinal and/or vitreous 
membranes. 

Using clinical records, including preop- 
erative and postoperative examinations, 
retinal drawings, and operative notes for 
each case, features of the patient, the de- 
tachment, and its management were re- 
corded on data sheets. We were able to ex- 
tract each of the items of interest from at 
least 90% of the charts with the following 
exceptions: (1) In 177 of the charts, we could 
not accurately abstract for “vitreous stiff- 
ness” and “amount of pigment in the vitre- 
ous.” (2) Spherical refraction was absent in 
a majority of patients and, therefore, visual 
acuities used in the analysis are not neces- 
sarily the best corrected visual acuities. 
Quantitative scales for measurements were 
used whenever possible. A cumulative hole 
index was created that reflected the total 
area of exposed retinal pigment epithelium 
for each eye. The information from these 
data sheets was entered into a database, 
and statistical comparisons were made us- 
ing the SAS statistical software package 
for univariate and multivariate analysis." 
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-% = Bubble > No Bubble, 
p dentified ~ Used, wk wk 
à 2.5 
4 
“PVR indicates proliferative vitreoretinopathy. 


RESULTS 


= Sixty-five eyes (10.7%) of the total 
study group had postoperative PVR 
levelop. The majority (78.5% ) of these 
mebined traction-rhegmatoge- 

nous detachment, while in 21.5% there 
was a traction detachment with no 
rhegmatogenous component (Table 2). 
Thirty-six (55.4% ) of the 65 patients 
had had unequivocal reattachment af- 
- tera single proceedure in the absence of 
-a bubble before the onset of PVR. The 

_ ether 29 patients had a complicated 
<: eourse in that they had been referred 
` after a failed procedure, their initial 
edure had failed at the University 
Virginia, or had never been docu- 
nted to have had reattachment be- 
-Tore the development of PVR. In 16 of 

- these 29 patiertts, a technical problem 
that may have contributed to the fail- 
-wre was identified (Table 2). The inci- 
-. dence of PVR for patients who had 
-had no surgery before referral was 


e median postoperative time at 
h PVE was identified was 4 weeks, 
and 85% af the cases had become 
oe manifest y 12 weeks. Four patients 


low a nae to account for ce in 
identification of PVR, but one patient 

resented with PVR 208 weeks after 
us original procedure and had been 
noted to have reattachment 6 months 


before that time. The other patient 


: ` presented at 60 weeks postoperatively 


with recurrent detachment and PVR 


that was believed to be precipitated by 
loss of buckle height and reopening of 
-< g retinal break. In these two cases it is 
difficult to implicate features of the 


< original detachment or its manage- 


-ment in the development of PVR. It is 
more likely that a subclinical recur- 
rent detachment from another cause 
became complicated by PVR before 
representation. 

Those patients treated with an in- 
travitreous bubble tended to demon- 
sirase | Lehane PVR earlier than 


: h by 5 cocks postopera- 
A Pa 0184 by Fisher’s Exact 
able 3). Twelve of the 65 pa- 


had undergone a. second proce- 


Postoperative PVR Controls 
(N = 65), % (N = 325), % 
Mean age, y 
Sex, M/F 
Race, B 


Aphakic 
Pseudophakic 


Mild or aderai 
Severe 
Choroidal detachment 


Very hig 
Moderate 
Shallow D 
Extent (quadrants) i 4 <,0001 
Macula off € a 002+ B 
<.0001t. 


Giant tear <i80° 
Giant tear > 180° 
Other 

Cumulative hole index >3.5 


Any procedure 
Laser 
Cryopexy 
Scleral buckle 
Vitrectomy 
*NS indicates not significant; P > .05. 
Fisher's Two-Tailed Exact Test. 
$x? test. 
§CF indicates counting fingers; LP, light perception. 
Student's unpaired ¢ test. 
"Wilcoxon score. 


to the identification of PVR. Thirty- Comparison of patients : 
two patients had additional proce- postoperative PVR develop wit 
dures after PVR was identified, and trols demonstrated several diffe: 
62% of these ultimately achieved mac- phe seg to preepere ive 
ular reattachment. The remaining 21 nate ca. 
patients either refused additional sur- : 

gery or were judged to have cena 

conditions. 




























ee . (N = 65), % (N= 325),% P Relative Risk 

Vitrectomy 50.77 6.5 <.0001 4.51 

; Amount of cryopexy (applications) * 18.0 7.5 .0001ł E 

‘intravitreous bubble 73.8 273 <,0001¢ 52] 

; "ostoperative intraocular pressure, mm Hg 21.5 15.7 ____ 0004+ are 

‘Complications as 

Penetration 8.0 3.6 NS§ hs 
Bleeding at drainage 8.0 726 NS...” 
‘Retinal incarceration 0 4.8 NS ee, 
‘Drainage of formed vitreous 4.0 : 2.0 NS. 
Drainage of fluid vitreous 20 60 02 ¢ 3.16 
Postoperative choroidal detachment 27.6 13.2 003+ 2.64 






+Student’ $ unpaired t test. 
< $Fisher’s Two-Tailed Exact Test. 
A NS indicates not significant; P > .05. 


s likely that this was due to other as- 
jated variables, as race was not 
ind to be an independent risk factor 
ultivariate analysis. The profile of 
ient age was not different between 
the groups. Poor preoperative vision 
‘was associated with higher incidences 
of PVR, as were hypotony and inflam- 
<: mation, as judged by the presence of 
cell and flare in the anterior chamber. 
__. Vitreous hemorrhage was graded as 
x mild, moderate (obscuring at least one 
= to two quadrants of retinal detail, but 
still allowing some visualization of the 
optic nerve), or severe (obscuring more 
- than two quadrants of retinal detail 
: and too dense for visualization of the 
:- optic nerve). There was no difference 
- with mild and moderate vitreous hem- 
_ orrhage, but severe hemorrhage was 
_ significantly more frequent in the PVR 
group (Table 4). Preoperative choroi- 
_- dal detachment was also a rare occur- 
rence overall, but it was significantly 
more common in patients in whom 
PVR developed (Table 4). 
Several retinal detachment charac- 
ristics were examined. Duration of 
etachment can be difficult to deter- 
‘ine since there is no way to account 
individual patient differences in 
rvation and reporting. Estimates 
uration were generated from a 
ation of reported length of sev- 
ymptoms, and using these crite- 
significant difference could be 
ed between the two groups. 
-was also no difference in detach- 
eight; however, more extensive 
ants and those involving the 
ere relatively more common 
R group (Table 4). Preopera- 














Postoperative PVR Controls 


ie ““ Application is retinal area treated equivalent to one 10920 with Machemer probe. 


and macular pucker were 
iated. with a high relative 
perative PVR: (Table 4). 
< vitreoretinopathy — waso 
dto. ocer eon with sey- 










































































eral types of retinal breaks, but the 
only type that was by itself found to þe 
a significant risk factor was giant tears 
greater than 180° (Table 4). Two pa- 
tients in whom PVR developed had 
only atrophic breaks associated with 
lattice degeneration. Several had un- 
usual breaks that were difficult to clas- 
sify and were, therefore, listed as 
“other” in Table 4. Included in this 
group were breaks at the edge of pre- 
vious cryopexy, those related to reti- 
noschisis, macular holes, racial slitlike 
tears, and irregular holes aot clearly 
related to traction. These unusual 
breaks had a high association with 
postoperative PVR, but review of the 
cases demonstrated that each patient 
also had one or more other features 
with a high relative risk for PVR. The 
size and number of breaks were used to 
generate an estimate of exposed area 
of retinal pigment epithelium, and a 
large exposed area was found to carry 
significant risk of postoperative PVR 
(cumulative hole index, Table 4). In- 
ability to identify any retinal break 
was also more common ir the PVR 
group (Table 4). 

Differences between patients in 
whom PVR developed and controls 
were also seen in the perioperative 
course. A higher percentage of pa- 
tients who had PVR develop under- 
went vitrectomy as part of their treat- 
ment (Table 5). The indications for 
vitrectomy were similar in the two 
groups except that more patients in 
the postoperative PVR group required 
vitrectomy for vitreous traction re- 
lated to preoperative PVR (Table 1). 
The retinal area treated with cryopexy 
was significantly higher in the PVR 
group, and the use of an intravitreous 


- bubble was more frequent (Table 5). 
: Nodifference in surgical complications 
| was identified between the two groups, 









but drainage ‘Of liquid vitreous was 
noted in a higher percentage of. pa- 
tients who later had PVR develop. In 
the postoperative period, an intraocu- 
lar pressure greater than 40 mm Hg p= 
and posteperative choroidal detach- _ ae 
ment were found more Commoy in 


the PVR group (Table 5). i 
Stepwise discriminant analysis was. 
used to ascertain which of the above- 
noted features are likely to be inde- 
pendent risk factors for the develop- 
ment of postoperative PVR. The 
strongest risk factor is the use of vi- 
trectomy in management of the de- 
tachment (P = .0001). Other indepen- 
dent risk factors in descending order of 
importance are the presence of preop- 
erative PVR (P = .0001), preoperative 
choroidal detachment (P = .0001), and 
a large retinal area treated with ery- 
opexy (P = .0005). Since several of the — 
indications for the use of vitrectomy 
were themselves identified as being 
risk factors for PVR, we were con- 
cerned that the enhanced risk associ- 
ated with vitrectomy could simply re- 
flect its use in eyes already at high risk. 
Examination of the medical records of 
the patients treated with vitrectomy 
demonstrated that although preoper- 
ative PVR was a major indication for 
vitrectomy, there were many other in- 
dications well represented in both the 
control and postoperative PVR group 
(Table 1). We graded each patient who 
had a vitrectomy as having an un- 
avoidable situation or having a condi- 
tion that could possibly be managed 
without vitrectomy; we found that 
60.6% of vitrectomies in patients in 
whom postoperative PVR developed 
were judged unavoidable compared 
with 42.8% of those who did well. This 
difference was not statistically signif- 
icant. We also performed an ordinal 
scaling of the most significant risk 
factors other than vitrectomy to pro- 
vide a measure of severity (as opposed 
to just presence) and could not identify 
a significant difference between pa- 
tients who had vitrectomies who did 
well and those in whom PVR devel- 
oped. Thus, despite adjusting for all 
other risk factors in every manner 
possible within the limitations of a 
retrospective study, vitrectomy re- 
mained a strong predictor for postop- 

erative PVR. 


COMMENT 
In this _Study, we have Tetrospec- 


with hein albeeaGuE retinal detach- 
ment consecutively treated by a single — 

surgeon. In the total study. population, 
10.7%. of eyes had PVR develop, man- 
ifested i in 78. 5% as a combined trac- 
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tion-rhegmatogenous retinal detach- 
mentand in the other 21.5% as a trac- 
tion retinal detachment, in both cases 
due to epiretinal and vitreous cellular 


“A membranes. Although several of the 


eyes that had postoperative PVR de- 
velop had complicated courses 
throughout which it was known or 
suspected that all retinal breaks were 
not sealed, 56.3% had completely reat- 
tached retinas with no open breaks, 
often fer several weeks, before the de- 
velopment of a recurrent detachment 
due to PVR. These data suggest that 
while the presenee of unsealed breaks 
after surgery is particularly conducive 
to the develepment of PVR, a signifi- 
cant number of eases occur after ini- 
tially successful surgery. 

Comparison of patients with PVR 
with matched controls allowed us to 
identify several clinical features that 
oceur with greater frequency in eyes 
that ultimately have PVR develop. Al- 
though each of these features identi- 
fies an increased risk of PVR, it is not 
likely that all are causal. Multivariate 
analysis identifies independent risk 
factors that are more likely to have a 
causal basis. Stepwise discriminant 
analysis identified preoperative PVR 
as a strong predictor of postoperative 
PYR. This confimms the findings of a 
previous study" in which different op- 
erative techniques were used. Preexis- 
tent macular pucker was also a risk 
factor. These findings suggest that 
when cellular epiretinal membranes 
are present, surgical intervention is 
likely to stimulate their growth, and in 
many instances, this will result in 
posteperative PVR. This, along with 
the finding that preoperative PVR can 
sometimes be very advanced (grade D2 
or D3), emphasizes that PVR is not 
simply an iatrogenic disease, but sur- 
gery certainly stimulates the pro- 
cesses involved. 

The dilemma of help vs hindrance 
with intervention seems to be particu- 
larly difficult with respect to the use of 
vitrectomy for treatment of rheg- 
mategenous retinal detachments. 
There are some situations in which 
vitrectomy and/or lensectomy are in- 
dispensable for detachment repair and 
other situations in which vitrectomy 
appears to simplify management. In 
this series we were unable to identify 
a significant difference between the 
PYRE and centrol groups in the per- 
centage of vitrectomies that were un- 
avoidable, nor could we identify a dif- 
ference in severity (as opposed to just 
presence) of other risk factors in vi- 
trectomized eyes that had PVR de- 
velop compared with those that did 
not. We cannot, however, rule out an 
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unrecognized selection bias, which is 
an inherent limitation of a retrospec- 
tive analysis. Despite these limita- 
tions, the finding that vitrectomy is a 
significant risk factor for postopera- 
tive PVR independent of the indication 
for which it is performed is unexpected 
and distressing. Although confirma- 
tion of this finding is needed, it raises 
an important question that until an- 
swered suggests that a high threshold 
should be employed for the use of vit- 
rectomy in the management of rheg- 
matogenous retinal detachments. 

Two other independent risk factors 
for postoperative PVR were preopera- 
tive choroidal detachment and a large 
retinal area treated with cryopexy. 
Choroidal detachment and retinal cry- 
opexy are associated with breakdown 
of the blood-retinal barrier, which 
has been demonstrated to stimulate 
the cellular processes implicated in 
PVR,” and, therefore, this may be the 
mechanism through which they exert 
their effect. 

Our results are generally supportive 
of two previous studies*'* examining 
risk factors for PVR. Those studies 
identified failure of previous surgery, 
preoperative fixed retinal folds, large 
horseshoe tears, and preoperative vit- 
reous hemorrhage as significant risk 
factors. We also found each of these, 
except large horseshoe tears, to be as- 
sociated with increased risk of PVR, 
although of this group only preopera- 
tive PVR was an independent risk fac- 
tor. We did not find, as suggested by 
these studies,** that PVR occurs only 
in association with horseshoe tears. 
Two of the patients in our series in 
whom PVR developed had atrophic 
breaks without any horseshoe tears, 
and several had unusual breaks, but 
each had one or more other risk factors 
for PVR. 

Identification of clinical risk factors 
for PVR is useful in several ways; it is 
important for the elucidation of patho- 
genic mechanisms in PVR, it provides 
useful guidelines for the planning of 
management of rhegmatogenous reti- 
nal detachments, and it may help to 
identify patients at significant risk of 
having PVR develop. Pharmacologic 
therapy for PVR is likely to be most 
effective early when the disease pro- 
cess is in its subclinical stages; how- 
ever, epiretinal membranes are rarely 
detectable until they have detached 
the retina. Therefore, patients known 
to be at high risk of having PVR 
develop may be prime candidates for 
pharmacologic treatment when it be- 
comes available. A prospective study 
examining the risk factors identified 
herein could provide additional data 


on which the criteria for such treat- 
ment could be established. 


This investigation was supported by Public 
Health Service grant FY 05951 from the National 
Institutes of Health, Bethesda, Md, and an unre- 
stricted grant from Research to Prevent Blind- 
ness Inc, New York, NY. 
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New and Previously Unidentified Retinal Breaks in 
Eyes With Recurrent Retinal Detachment With 


Proliferative Vitreoretinopathy 


Joseph Moisseiev, MD, Bert M. Glaser, MD 


@ The location of retinal breaks found 
on preoperative examination was studied 
in 68 eyes of 68 patients with recurrent 
retinal detachment and proliferative vit- 
reoretinopathy. Twelve eyes had 23 open 
breaks that were known to exist previ- 
ously, no open break was detected in 18 
eyes, and 72 new or previously unidenti- 
fied breaks were found in 41 eyes. Forty- 
seven (65.3%) of the 72 breaks were 
located on previous buckles, and 31 of 
these were on the posterior slope of the 
buckle. Twenty-nine (40.2%) of all new or 
previously unidentified breaks were on the 
border of a cryopexy-induced chorioreti- 
nal scar, and of these, 25 breaks (86%) 
were on the posterior slope of the buckle. 
Our results indicate that the retina that 
borders chorioretinal scars is vulnerable 
and prone to develop retinal tears second- 
ary to traction from preretinal membranes. 
The vicinity of cryopexy-induced scars 
should be closely observed for retinal 
breaks in cases of recurrent retinal de- 
tachment with proliferative vitreoretinop- 
athy. 

(Arch Ophthalmol. 
1154) 
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The importance of precise localiza- 

tion of retinal breaks in retinal de- 
tachment surgery cannot be overem- 
phasized. However, in recurrent reti- 
nal detachment (RRD) complicated by 
proliferative vitreoretinopathy (PVR), 
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especially in the more severe stages, 
less importance is usually given to the 
preoperative localization of breaks. In- 
stead, attention is usually focused on 
the preretinal and intravitreal mem- 
branes. Little effort has been made to 
determine the typical location of new 
breaks, either those created by the 
traction forces of PVR or previously 
unidentified ones, and their relation- 
ship with previously placed buckles 
and cryopexy. 

The purpose of the current retro- 
spective study is to analyze the loca- 
tion of new or previously unidentified 
retinal breaks found in the preopera- 
tive examination of patients with RRD 
and PVR. The finding of typical sites 
for the occurrence of such breaks and 
their relationship with buckles and 
cryopexy-induced scars may shed some 
light on their pathogenesis. Moreover, 
they may serve as guidelines for the 
search for retinal breaks in the not so 
rare cases with RRD and PVR where 
no breaks are initially found. 


PATIENTS AND METHODS 


We reviewed the medical records of 68 
consecutive patients with RRD and PVR 
who were referred to The Wilmer Ophthal- 
mological Institute, Baltimore, Md, from 
1986 to 1988. Retinal breaks were identified 
preoperatively by indirect ophthalmoscopy 
and contact lens examination. Information 
regarding the location of retinal tears 
found on preoperative examination was re- 
trieved from the records and included the 
number of breaks, involved quadrant of the 
eye, relationship with previous buckles, and 
proximity to cryopexy-induced chorioreti- 
nal scars from previous operations. If a 
break was located inside a cryopexy-in- 
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duced scar or if it was known to exist at the 
time of previous surgical procedures, it was 
categorized as “a previously existing 
break.” All other breaks could be either new 
or previously existing but unidentified by 
the referring surgeons. Since it was inher- 
ently impossible to retrieve information on 
tears that were missed, there was no way to 
estimate the proportion of these breaks in 
our series. Therefore, these breaks were re- 
ferred to as “new or previously unidentified 
breaks.” The location of the breaks in this 
group, relative to the buckle, was subdi- 
vided into the following two categories: 

1. Related to the buckle (Figure, a 
through d): anterior slope of the buckle, 
crest of buckle, posterior slope of the 
buckle, and posterior to the buckle. 





Location of new breaks. a indicates anterior 
slope of buckle; b, crest of buckle; c, posterior 
slope of buckle; d, posterior to buckle; e, not 
related to buckle, anterior to equator; f, not re- 
lated to buckle, posterior to equator; and g, 
adjacent to cryopexy-induced chorioretinal 
scar. 
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2. Not related to the buckle (Figure, e and 
fìi: anterior to the equator and posterior to 
the equator. 

New or previously unidentified breaks lo- 
cated at the border of cryopexy-induced 
chorioretina! scars were defined as “ad- 
jacent to scar” (Figure, g). 


RESULTS 


The 68 eyes of the 68 patients 
studied had previous retinal reattach- 
ment procedures, and none of the eyes 
had undergone a previous vitrectomy. 
The stages of PVR were C-1 to D-3. The 
retina was-attached in these eyes for 1 
week or mere following the last surgi- 
cal procedure. In 18 (26% ) of the eyes, 
no break was identified on the preop- 
erative examination. In the remaining 
50 eyes, 95-breaks were identified. One 
break (34% ) was detected in 23 eyes, 2 
breaks (22% ) in 15 eyes, and 3 or more 
breaks (18% ) in 12 eyes. The distribu- 
tion of the breaks in each quadrant 
was documented. Thirty-seven (39% ) 
of the breaks were in the superior 
temporal quadrant, 26 (27% ) in the in- 
ferior temporal quadrant, 23 (24% ) in 
the superior nasal quadrant, and 9 
(10% ) in the inferior nasal quadrant. 

Twenty-three breaks in 12 eyes were 
defined as previously existing breaks 
and were excluded from further anal- 
ysis. Seventy-two breaks in 41 eyes 
were defined as new or previously un- 
identified breaks. In three of these 
eyes, there were also previously known 
breaks. Table 1 demonstrates the rela- 
tionship ef these 72 breaks to the 
buckle. Forty-seven (65.3%) of the 
breaks were on the buckle, and 16 
(22.2% ) were posterior to the buckle. 


‘Table 1.—Location of New or 
Previously Unidentified Retinal 
Breaks Relative to Buckle 


i Location No. (%) of Breaks 


On buckle 
Anterior slope 
Posterior slope 


3 (4.2) 
31 (43.1) 
13 (18.0) 
47 (65.3) 
16 (22.2) 


Crest 
Subtotal 

Pesterior to buckle 

Net related to buckle 
Antericr to equator 
Posterior to equator 
Subtotal 

Unknown 

Total 


6 (8.3) 

2 (2.8) 

8 (11.1) 

1 (1.4) 
72 (100.0) 





Table 2.—Loacation of Retinal Breaks 
Defined as Adjacent to Scar 


Location No. (%) of Tears 


25 (86.2) 
3 (10.3) 
1 (3.5) 

29 (100.0) 


On buckle 
Posterior to buekle 
Unknown: 

Total 
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Only eight breaks (11.1%) were in an 
area remote from the buckle, and the 
location of one break (1.4%) was not 
documented. Of the 47 breaks that 
were on the buckle, 31 breaks were on 
the posterior slope, 13 breaks were on 
the crest of the buckle, and 3 breaks 
were on the anterior slope. 

Interestingly, 29 (40.2%) of 72 new 
or previously unidentified tears were 
found adjacent to a cryopexy-induced 
scar. These tears were on the border of 
the cryopexy-induced scar and were 
judged to be stretch tears. The location 
of these breaks relative to the buckle is 
shown in Table 2. Twenty-five breaks 
(86.2% ) were on the buckle, 3 tears 
(10.3% ) were posterior to the buckle, 
and the location of 1 break (3.5% ) was 
not documented. 

The location on the buckle of the 
tears defined as adjacent to a chori- 
oretinal scar was compared with 
breaks not adjacent to a scar (Table 3). 
Retinal tears that occurred in regions 
remote from chorioretinal scars were 
most often located on the crest of the 
buckle (13 [59% | of 22 tears) and, toa 
lesser extent, on the posterior slope of 
the buckle (9 [82%] of 22 tears). In 
contrast, retinal tears that occurred 
adjacent to cryopexy-induced chori- 
oretinal scars were almost always lo- 
cated on the posterior slope of the 
buckle (24 [96% | of 25). 


COMMENT 


Proliferative vitreoretinopathy' is 
the most important cause of failure in 
retinal reattachment surgery. The 
traction forces that are generated by 
the preretinal and intravitreal mem- 
branes can create new retinal breaks 
or cause elevation of previously exist- 
ing breaks. We have retrospectively 
reviewed the characteristics of retinal 
breaks in cases of RRD and PVR, with 
particular emphasis on their relation- 
ship with previously placed buckles 
and cryopexy-induced chorioretinal 
scars. 

In the current series, open retinal 
breaks could not be found in 18 eyes 
(26% ) at the time of RRD. Other au- 
thors have reported similar findings— 
31%? and 20%? in series of patients 


who underwent vitrectomy for RRD 
and PVR. Lincoff and Gieser* have 
shown that the distribution and 
spread of subretinal fluid give some 
indication to the location of retinal 
breaks. In cases of complicated retinal 
detachment with PVR, these guide- 
lines do not always hold. Also, the 
breaks are often concealed by prolifer- 
ative membranes er hidden between 
fixed retinal fo ds. In addition, these 
patients are mare likely to have vitre- 
ous opacities, lens opacities, and poor 
pupillary dilation. Sometimes, breaks 
are not found im these cases even dur- 
ing vitrectomy. In astudy of 47 cases of 
retinal detachment and PVR in which 
no holes were found preoperatively, 
retinal breaks were found in only 38% 
of cases during the vitrectomy.‘ 

Twenty-three retinal breaks in 12 
eyes were defined as previously exist- 
ing. This definition was based either on 
information in the medical records or 
on the location within the area of a 
cryopexy-induced scar. Seventy-two 
breaks were cGefimed as either new 
breaks or previously existing but un- 
identified breaks. It is inherently im- 
possible to determine how many of 
these breaks were missed during pre- 
vious surgical procedures. However, 
extrapolating from the fact that all the 
cases were attached for at least 1 week 
before redetaching, it can be assumed 
that most of these breaks were really 
new. In three eyes, epen breaks defined 
as previously existing coexisted with 
breaks that were either new or previ- 
ously unidentified. The small number 
of cases in which this occurred reflects 
the fact that most of the previously 
treated breaks were not elevated by 
the RRD. Moreover, in most of the eyes 
where previously treated breaks did 
elevate, they were the only ones to be 
detected. This probably indicates that 
once a break is opened, the traction 
forces are effeetive mainly in detach- 
ing the retina and not in creating new 
breaks. 

One retinal break was identified in 
34% of the eyes, two breaks in 22% of 
the eyes, and three or more breaks in 
18% of the eyes. These findings are 
similar to those reported by others. De 


Table 3.—Location on Buckle of Breaks 
Adjacent to and Remote From Cryopexy-Induced Scar 


Location 


Ne. (%) 


a Ch  mvOOO)]}|MoO rar 
Remote 


Adjacent 


Anterior slope 2 (9) 1 (4) 
Crest 13 (59) o (0) 
Posterior slope 7 (32) 24 (96) 


Total 





22 (100) 


25 (100) 
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Bustros and Michels? reported one 
break in 31%, two breaks in 16%, and 
three or more breaks in 14%. Ho and 
coworkers’ reported on one break in 
31% and two or more breaks in 48%. 
These studies therefore indicate that 
multiple breaks are common, and that 
it is important to continue the search 
for breaks despite the fact that one or 
two have been identified. Most of the 
new breaks were located on a previ- 
ously placed buckle (63.5%) or poste- 
rior to a buckle (22.2% ). This reflects 
the fact that all the eyes had some kind 
of buckle and most had an encircling 
buckle, so that, in most cases, the tear 
had to be related to the buckle or pos- 
terior to it. Only 11.1% of the breaks 
were in quadrants where no buckle was 
placed. 

Analysis reveals that 40.2% of all 
new or previously unidentified breaks 
were found on the border of cryopexy- 
induced chorioretinal scars. Since the 
scars occupy only a small proportion of 
the retinal area, this high percentage 
seems to be very significant, and it 
probably indicates that the borders of 
cryopexy-induced scars are more 
prone to be torn by traction forces in- 
duced by the proliferative process. The 
fact that these tears had the appear- 
ance of a stretch tear, and were not 
flap tears, supported the hypothesis 
that most of these tears were new and 
not previously existing but unidenti- 
fied ones. In several studies,*” the ret- 





inal adhesion produced by cryopexy 
was found to be stronger than the ad- 
hesion between normal retina and pig- 
ment epithelium. This was demon- 
strated in rabbits‘ and cats.’ Bloch 
and coworkers’ found that the 
strength of the adhesion varied di- 
rectly with the intensity of the appli- 
cation. Following moderate to heavy 
cryopexy, there is necrosis of most of 
the cellular elements of the retina. The 
pigment epithelium and Miiller’s cells 
recover to various degrees, depending 
on the intensity of the application, and 
form desmosomes between the layers.’ 
As a result of this adhesion, the retina 
is not mobile at the scar. The traction 
forces of PVR pull on the retina that is 
potentially mobile, except for the sear 
area that serves like an anchorage. Fi- 
nally, the retina yields to the traction 
and tears at the junction of mobile and 
immobile retinal areas—at the border 
of the scar. 

The most common location of a new 
break was on the posterior slope of a 
previously placed buckle, adjacent to a 
chorioretinal scar. This indicates that 
the retina that borders chorioretinal 
scars is vulnerable and prone to de- 
velop retinal tears secondary to trac- 
tion from preretinal membranes, par- 
ticularly when the edge of a scar falls 
on the posterior slope of the buckle 
where support is suboptimal. The vi- 
cinity of cryopexy-induced scars 
should be closely observed for retinal 
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breaks in cases of RRD with PVR. 
Furthermore, it may be of benefit to 
include the edges of cryoapplications 
on the crest of the scleral buckle, 
where feasible, when performing reti- 
nal detachment surgery. 
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Epidemiology of Ocular Herpes Simplex 


Incidence in Rochester, Minn, 1950 Through 1982 


Themas J. Liesegang, MD; L. Joseph Melton III, MD; Peter J. Daly, MD; Duane M. Ilstrup, MS 


@ Over the period 1950 through 1982, 
122 Rochester, Minn residents had their 
first episode of ocular herpes simplex 
virus infection, for an age- and sex-ad- 
justed incidence of 8.4 new cases per 
100000 person-years (95% confidence 
intervals [Cl], 5.9 to 9.9 cases). These ini- 
tia! episodes involved lid or conjunctiva in 
54%, superficial cornea in 63%, deeper 
cornea in 6%, and uveitis in 4%. An addi- 
tional 29 residents-had episodes of ocular 
herpes other than their first. Altogether, 
these 151 residents had 294 episodes of 
ocular herpes:ssimpiex infection, for an ad- 
justed incidence of 20.7 episodes per 
100000 person-years (95% Cl, 18.3 to 
23.1 episodes). Age-adjusted rates by sex 
were comparable. There were no seasonal 
trends in incidence, but rates increased 
with time. On January 1, 1980, the preva- 
lence of a history of ocular herpes simplex 
infection was 149 per 100000 population 
(95% CI, 115 to 183). 

(Arch Ophthalmol. 
1159) 


1989; 107:1155- 


The epidemiology of ocular involve- 

ment with herpes simplex virus has 
not been well defined despite the ob- 
servation that, in developed countries, 
this is the most frequent cause of cor- 
neal opacities.' Few statistics are 
available on the frequency of the con- 
dition or on trends in occurrence over 
time. There are virtually no data on 
the clinical spectrum at presentation 
in unselected patients from the com- 
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munity since previous investigations 
have relied primarily on series of re- 
ferral patients attending academic 
medical centers.?* This has resulted in 
incomplete information on the inci- 
dence and prevalence of ocular herpes 
simplex virus (OHSV) infections and 
conflicting data regarding the morbid- 
ity and social impact of this condition. 

In Rochester, Minn, we have a 
unique opportunity to study the epide- 
miology of ocular diseases because the 
medical records of all providers serv- 
ing the community have been main- 
tained and because the diagnoses re- 
corded in these records have been in- 
dexed. Thus, all cases of OHSV that are 
diagnosed among Rochester residents 
can be identified and the original med- 
ical records retrieved. This report will 
describe the features of OHSV in this 
population over a 33-year period, from 
1950 through 1982. The incidence and 
prevalence of the disease are scruti- 
nized, along with associated clinical 
features at onset. 


MATERIALS AND METHODS 


Population-based epidemiologic research 
is possible in Rochester because medical 
care is largely self-contained within the 
community and is delivered by a handful of 
providers. Most ophthalmologic care is pro- 
vided by the Mayo Clinic, which has main- 
tained a common medical record with its 
two large affiliated hospitals for the past 80 
years. This dossier-type record thus con- 
tains both inpatient and outpatient data 
and is easily retrieved for review.’ The 
diagnoses and surgical procedures entered 
into these records are indexed. This index 
includes diagnoses made for outpatient of- 
fice or clinic consultations, emergency de- 
partment visits, nursing home visits, inpa- 
tient hospitalization, autopsy examina- 
tions, and death certification. Medical 
records of the other providers in the area 
who have served the local population are 
indexed in the same system and can also be 
retrieved; these include the Olmsted Medi- 
cal Group, the Olmsted Community Hospi- 
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tal, the Rochester State Hospital, the Uni- 
versity of Minnesota and Veterans Admin- 
istration Hospitals in Minneapolis, and 
other medical insticutions in the vicinity. 
Only a few practitimers have had offices in 
Rochester in reeemt decades, and their 
records are includ2d m the system too. 
Consequently, the details of the medical 
care provided to residents of the commu- 
nity are available for study, thus ensuring 
virtually complete escertainment of signif- 
icant illnesses for ~his delineated popula- 
tion. 

Using this uniqu2 medical records link- 
age system (the Rochester Epidemiology 
Project), we identiied all Rochester resi- 
dents for whom a diagnosis of OHSV was 
made from 1950 through 1982. Before 1975, 
a specific code for CHSY was not available, 
so all cases of keratitis or corneal ulcer, all 
cases of herpes simplex of the face or eye, 
and all cases of umspecified herpes were 
screened. The records of over 3000 potential 
cases were reviewed in all. 

Inclusion into the study was based on the 
clinical diagnosis of OHSV infection. Eyelid 
disease was manifested by a vesicular erup- 
tion on the eyelids or eyelid margins that 
was consistent wit herpes simplex and not 
characteristic of ot rer causes of vesicles on 
the eyelids. Conjuactival involvement in- 
cluded papillary or follicular conjunctivitis 
(with or without vesicles) within the ap- 
propriate clinical setting, with either a 
positive culture or nvelvement of other oc- 
ular structures (fcr example, the lids or 
cornea) with characteristic lesions of 
herpes simplex. Cerneal involvement was 
indicated by a characteristic punctate epi- 
thelial keratitis, a cendrite, or a geographic 
ulcer. Indolent uleeration was a sharply 
circumscribed ulcer with active stromal 
keratitis, while troohic ulceration involved 
a “punched-out” ulseration with or without 
stromal edema or scarring but without ac- 
tive stromal inflammation. Stromal kerati- 
tis included either disciform keratitis or 
necrotizing strome! keratitis. Uveitis had 
to have been coneurrent with or subsequent 
to corneal manifestations of herpes simplex 
to be included, and isolated cases of uveitis 
were not attributec to herpes simplex virus 
in this study. | 

Each patient’s eatire medical history for 
the duration of his or her residence in the 
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community was reviewed. This included 
both inpatient and outpatient data and uti- 
lized the original medical records of each 
provider who attended the patient. Resi- 
dency status at onset and at each episode 
was verified by comparing each patient’s 
address with the political boundaries of 
Rochester in effect at that time. 

For the calculation of incidences, the en- 
tire population of Rochester was considered 
to be at risk, and the denominator, age- and 
sex-specific person-years, was estimated 
from decennial census data as described 


Table 1.—Incidence of New Cases and All Episodes of Ocular Herpes Simplex Virus 
Infection Among Rochester, Minn, Residents, 1950 Through 1982 








Women Both Sexes 






Age Group, y 






<15 
15-24 
25-34 
35-44 
45-54 11 16.6 6 7.7 17 11.8 

















55-64 7 13.7 9 13.2 16 13.4 elsewhere.’ Incidences were calculated sep- 
65-74 5 15.6 6 11.4 11 13.0 arately for individuals (new cases) and ep- 
>75 1 5.2 5 11.6 6 96 isodes (all episodes) of OHSV. Overall rates 















Total 8.2 


were directly age- and sex-adjusted to the 
population structure of US whites in 1980; 
for comparisons between sexes, the rates 
were age-adjusted to the same standard 
population. All patients with a history of 
OHSV who were residents of Rochester on 
January 1, 1980 (regardless of their resi- 


dence status at initial diagnosis) were used 
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14.5 20.3 in determining the prevalence as of that 
45-54 21 31.7 14 18.0 35 24.3 date. Ninety-five percent confidence inter- 






55-64 33 64.4 19 27.9 52 43.6 
26.5 
25.5 
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vals (CI) around the rates were estimated 

from the cumulative Poisson distribution.’ 

Changes in incidence over time were as- 
sessed with a trend test.’ 

Adjusted ost 21.8t 


RESULTS 

* Incidence per 100 000 person-years. 

tincidence per 100000 person-years, directly age-adjusted to the population structure of 1980 US whites. In the 33-year pericd 1950 through 
Incidence per 100 000 person-years, directly age- and sex-adjusted to the population structure of 1980 US 1982, 122 residents of Rochester were 


ee: diagnosed with their first episode of 
OHSV infection. More women (66) 
than men (56) were affected, but inci- 
dences were similar when the greater 
number of women at risk was taken 
Fig 1.—Incidence of new cases and all episodes of ocular herpes simplex virus infections among into account. After age adjustment, 
Rochester, Minn, residents, 1950 through 1982, by period. p-y indicates person-year. the male-female ratio of incidences 
was 1.1:1. There was no strong pattern 
of age-specific incidences, although the 
frequency of OHSV was greatest in 
midlife (Table 1). With about 1.5 mil- 
lion total person-years of observation 
during this period, the overall crude 
incidence was 8.1 new cases per 100 000 
person-years, or 8.4 per 100 000 person- 
years after age and sex adjustment to 
the population structure of 1980 US 
whites (95% CI, 6.9 to 9.9). 
30 An additional 29 patients had at 
least one episode of OHSV while resi- 
dents in Rochester but did not qualify 
as new cases because their initial epi- 
sodes occurred before moving to 
Rochester. Six individuals lived in 
Olmsted County but were not Roches- 
ter residents, while 23 lived elsewhere 
at the time of their initial attack. Al- 
together, 294 episodes of OHSV oc- 
curred in Rochester during the obser- 
vation period among these 151 pa- 
tients. All 151 patients were white, 
reflecting the fact that the Rochester 
population is predominantly white, 
middle-class, and of northern Euro- 
pean extraction. Incidences for all ep- 
isodes were nearly identical for men 
and women (Table 1). Although there 
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were larger numbers of episodes in 
younger age groups, this was related to 
the larger population of young people. 
When incidences were calculated, 
there was more accentuation of rates 
“Aduring late middle age than was seen 
for new cases. The overall age- and 
sex-adjusted incidence of episodes of 
OHSV was 20.7 per 100000 person- 
years (95% Cl, 38.3 to 23.1). 

Time trends in the incidence of new 
cases and of all episodes of OHSV are 
shown in Fig 1. Although substantial 
annual variation is noted, incidences 
seemed to trend upward over the pe- 
riod of study (Armitage Trend Test, 
P = .075 for first episode and P < .001 
for all episodes). The incidences for 
initial episodes and all episodes are 
given in Table 2 by 5-year intervals. 
There was no evidence of seasonality 
(Fig 2), despite the climatologic ex- 
tremes experienced in this region of 
the United States. March was the 
month with the fewest initial episodes, 
but recurrent episodes were frequent 
then. November had the largest num- 
ber of episodes, but December had the 
least. 

One hundred twenty (41%) of the 
294 episodes were characterized by lid 
or conjunctival involvement; 54% of 
the initial episodes had lid or conjunc- 
tival involvement compared with 31% 
of the recurrent episodes. Two hun- 
dred twelve (72% of the 294 episodes 
had cornealepithelial involvement; 
62% of the initial episodes had corne- 
al-epithelial disease compared with 
78% of the other episodes. Thirty-six 
(12% ) of the 294 episodes had corneal- 
stromal involvement; this included 6% 
of the initial episodes and 17% of the 
recurrent episodes. Twenty-five (9% ) 
of the 294 episodes involved uveitis; 4% 
of the initial episodes had uveitis com- 
pared with 12% of the other episodes. 
Incidences fer lid or conjunctival dis- 
ease, superficial ar deeper corneal dis- 
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Fig 2.—Distribution of new cases and of all episodes of ocular herpes simplex virus infections 


among Rochester, Minn, residents, 1950 throug 


ease, and uveitis are given in Table 3. 
Since incidences were similar for men 
and women, the only data given are 
those for both sexes combined. There 
was a suggestion of increased rates 
among middle-aged and older individ- 
uals when all episodes were consid- 
ered. 

Many patients had more than one 
manifestation, but 31 (21%) of the 151 
patients had only lid involvement with 
herpes simplex at either the primary 
episode or at recurrent episodes, and 1 
patient had only conjunctival involve- 
ment during the course of the study. 
An additional 46 (30% ) of the 151 had 
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Table 2.—Incidences of New Cases 
and All Episodes by 5-Year Periods 








Rate * 
reGVvxWwe oo Oooo ee _s 

New All 
Time Interval Cases Episodes 


1953-1957 6.2 14.9 

















1958-1962 6.4 16.4 
1963-1967 11.8 27.2 
1968-1972 9.0 23.7 
1973-1977 8.8 21.9 
1978-1982 9.6 24.2 






* incidence per 100 O@0 person-years directly age- 
and sex-adjusted to the population structure of 1980 
US whites. 


Uveitis 
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All Episodes New Cases All Episodes 


Age Group, y 
<15 4. 


4.8 8.9 

15-24 5.4 9.6 
4.1 8.5 
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5. 


*Incidencesper 180000 person-years, both sexes combined. 
tincidence per 100 900 person-years, directly age- and sex-adjusted to the po 
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Herpes Disease 


only superficial corneal herpes simplex 
without involvement of other tissues. 

On the prevalence data of J anuary 1, 
1980, there were 37 males and 39 fe- 
males with a history of OHSV residing 
in the population (Table 4). This gives 
a prevalence in males of 143 per 100 000 
residents, and in females of 127 per 
100 000 residents. The overall age- and 
sex-adjusted prevalence was 149 per 
100000 population on January 1, 1980 
(95% CI, 115 to 183). 


COMMENT 


Oral herpes simplex virus infections 
are common, with a high rate of as- 
ymptomatic primary infections and a 
tendency to recur. Recurrent herpes 
simplex labialis occurs in 20% to 45% 
of the population,'*"' with 23% report- 
ing a frequent occurrence. The epide- 
miology of OHSV infections is less well 
known. This is due, in part, to diffi- 
culty in conducting ocular epidemiol- 
ogy studies resulting from problems 
with standardization of diagnostic cri- 
teria, lack of cooperation among 
health care providers, and inability to 
delineate the appropriate population 
base. Study of OHSV is especially dif- 
ficult since this is a recurring disease 
with a wide range of severity and 
chronicity. 

Over the 38-year period of this 
study, there were 122 new cases and 
294 episodes of OHSV in the popula- 


Table 5.—Incidence of Herpes Disease Among Rochester, Minn, Residents 
Annual Incidence 
100 000 


Herpes progenitalis 50/ 100000 1965-1979 (Chuang et al'®) 






Years of Study (Source) 





tion of Rochester, which grew from 
28 241 in 1950 to 57 488 in 1982. The age- 
and sex-adjusted incidence of new 
cases was 8.4 per 100000 person-years, 
while the adjusted incidence of all ep- 
isodes was 20.7 per 100000 person- 
years. Previous estimates of the inci- 
dence of all episodes of OHSV vary 
from a high of about 12 per 100000 
person-years, based on a survey of pa- 
tients treated by ophthalmologists in 
Funen County, Denmark,’ to 5.9 per 
100000 person-years on the basis of 
patients referred to an ophthalmology 
department in Copenhagen, Den- 
mark.’ The latter estimate is admit- 
tedly incomplete, as cases treated by 
local practitioners were missed.2 One 
other study from Rijeka, Yugoslavia, 
reported incidences of 0.7 and 4.1 per 
100000 person-years, respectively, for 
primary cases and all episodes (100 
primary and 584 total episodes in 18 
years in a population of 800000 
inhabitants). 

Incidences may be higher in the 
present report because of our medical 
records linkage system that identifies 
outpatient as well as inpatient diag- 
noses. Previous experience has demon- 
strated that this retrieval system is 
remarkably complete.* It is also con- 
ceivable that our population utilizes 
medical care to a greater extent, but 
limited data do not support this 
possibility." Finally, our study criteria 
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may have differed. In this investiga- 
tion, involvement of the lid or conjunc- 
tiva was considered ocular herpes for 
either primary or recurrent episodes. 
Twenty-eight percent of the primary 
episodes and 20% of all episodes had 
lid and/or conjunctival involvement 
exclusively. It is not always clear in 
previous studies how such cases were 
classified. Overall, among 122 new 
cases of OHSV reported herein, lid 
and/or conjunctival involvement was 
present in 54%; superficial corneal dis- 
ease occurred in 63%; stromal disease 
was seen in 6%; and uveitis developed 
in 4%. 

Using similar methods, investiga- 
tors at our institution have studied the 
incidence of various other herpetic 


diseases in Rochester (Table 5). Overa + 


15-year period from 1945 to 1959, there 
were 590 first episodes of herpes zoster, 
for an adjusted incidence of 131 per 
100000 person-years.'’ Fifty-five of 
these patients had herpes zoster in the 
ophthalmic division of the trigeminal 
nerve, and 20% of them had ocular in- 
volvement. This represents an inci- 
dence for new cases of herpes zoster 
ophthalmicus of approximately 11.7 
per 100000 person-years. In a study of 
genital herpes in Rochester from 1965 
to 1979, the average annual incidence 
was 50 per 100000.'° Rates increased 


during the study period, reaching a 4 


peak of 128 per 100000 person-years 
during the last year of the study. Of 392 
Rochester residents with genital 
herpes, however, none had ocular 
herpes. Fifteen pregnancies were af- 
fected with herpes progenitalis, but no 
neonatal herpes was noted. Among the 
12500 live births to Rochester resi- 
dents from 1965 to 1979, not a single 
case of neonatal herpes was iden- 
tified.'® 

Ocular infection may occur with pri- 
mary herpes infection or it may repre- 
sent an attack in a new anatomic site 
within a previously infected host. It is 
not possible to determine exactly how 
many of our cases represent an initial 
encounter with the herpes simplex vi- 
rus. The mean age at the first episode 
of all 151 patients was 37.1 years, but 
rose from 36.7 years in the first decade 
to 39.8 years in the last (not signifi- 
cant, P = .73). An increase in the inci- 
dence of adult primary herpes simplex 
virus is anticipated” as a result of the 
declining prevalence of antibody 
against herpes simplex virus type 1 in 
young adults.’ In a study of university 
students in North Carolina, for exam- 
ple, only 30% possessed antibodies 
against herpes simplex virus on enter- 
ing the institution, and 10% serocon- 
verted annually.” Oral herpes simplex 
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i ulte. 2 With the initial en- 
with herpes simplex virus be- 
layed to later years, one might 
ct a greater proportion of the oc- 
lar infections to represent the initial 
encounter with the virus.) 
_. In previeus studies of OHSV infec- 
tions, males have predominated, 7 
although Mortensen and Sjolie’ re- 
‘ported an equa! distribution of males 
d females in their study of 107 ocu- 
ar attacks: In the present series, there 
vere more women than men with pri- 
mary attacxs as well as with recurrent 
isodes. When the size of the popula- 
ion at risk was taken into account, 
owever, the incidences of new cases 
and of all episodes and the prevalence 
were actually somewhat higher for 
men. There does not appear to be any 
< sex difference in the frequency of 
-< herpes simplex virus generally." 
_ There was no pronounced seasonal 
‘ariation in the onset of the initial ep- 
sode or inthe timing of recurrent ep- 
sedes of CHSV in this series, despite 
dramatic elimatic changes in our re- 
~ gion. Others have also seen no seasonal 
- variation.*““ Some investigators, how- 
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common in the first 4 to 6 months of the 
year,“ in January, February, and 
March,” in November through 
March,” in September and October,” 
and in September.” The lack of consis- 
tency in the positive reports suggests 
that these findings may have been due 
to chance. 

With any recurrent disease of a 
long-standing nature and with an ex- 
tremely mobile population, frequency 
and severity will tend to be exagger- 
ated since the difficult patient keeps 
returning to different physicians. The 
perceived morbidity from OHSV may, 
thus, be far greater in the medical 
community than actually is the case. 
Nonetheless, herpes simplex is now the 
most common cause of blindness due to 
infection in industrialized countries! 
and the second most frequent cause in 
less developed areas of the world. 
Moreover, substantial numbers of peo- 
ple are affected. Extrapolation of our 
Rochester incidences to the US popu- 
lation in 1985 implies nearly 20000 
new cases of OHSV per year and over 
48000 episodes annually. The esti- 
mated prevalence of affected people 
nationally is just over 400 000, based on 
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mated prevalenze at 500.000 

Most patients have mil 
however. In this series the ocular 
ifestations, stractures involvec 
subsequent morbidity were per. 
less than one would have expected 
based on previous reports. The vas 
majority of pat.ents had lid, conjune- 
tival, or supericial corneal. involve- 
ment only, bota during the primar 
episode and t subsequent rec 
rences. Isolatec recurrent lid or cor 
junctival involvement is a defin 
entity, which may er may not þe: as: 
ciated with prior or later cornea 
involvement.” However, any of th 
features of herpetic ocular disease 
(that is, lid, cənjenetiva, superficial 
cornea, deep cornea, and uvea involve- 
ment) may be seen with a primary. ep- 
isode or with a reeurrent episode, ei 
ther in an isoleted ferm or combin 
with other featares. 
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mas J. Liesegang, MD 


‘@ In the period 1950 through 1982, 
here ‘were 294 episodes of ocular herpes 
implex virus infection in 151 residents of 
ochester, Minn. Recurrence rates as- 
essed by life-table methods after the first 
pisode. were 9.6% at 1 year, 22.9% at 2 
and 63.2% at 20 years. Recurrence 
ates i ppeared to rise following repeated 
€ s. Ocular herpes simplex affecting 
oth: yes” at the same and/or different 
episodes. was seen in 18 patients (11.9%). 
One fifth of patients had lid involvement 
alone, while a third had solely superficial 
‘corneal involvement. Deep corneal dis- 
"ease or uveitis was relatively uncommon. 
| Therapy during the early period was var- 
ied, but significant complications were 
— < uncommon. Ninety percent of the eyes 
-~  māintained visual acuity of 20/40 or bet- 
ter. The economic impact, measured in 
-~ — terms of days of active disease and physi- 
cian visits, was substantial. 
(Arch Ophthalmol. 1989; 107:1160- 
1105) 


































T our. companion article, we de- 
as scribe the incidence and prevalence 
of primary and recurrent ocular 
herpes. simplex virus infections 
(OHSV) i in the population of Roches- 

€ Minn; during a 33-year nie Few 





n the ‘United States. This Dafoe 
ion i is important in planning oph- 

ic services, estimating the mor- 
ty and social impact of this 
ition, investigating risk factors 

i V, and developing strategies 
trol the disease. This article will 
he clinical features of OHSV 
Soe Rochester population 
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pidemiology of Ocular Herpes Simplex 


from 1950 through 1982. As noted pre- 
viously,! we have a unique opportunity 
in Rochester to define the epidemiol- 
ogy of ocular diseases because the 
medical records of all providers serv- 
ing the community have been main- 
tained and because the diagnoses re- 
corded in these records have been 
indexed.’ Thus, all cases of OHSV in- 
fection that were diagnosed among 
Rochester residents can be identified 
and the original medical records re- 
trieved and reviewed. 


MATERIALS AND METHODS 


The details of this population-based 
study have been previously outlined.' Each 
patient’s entire medical history for the du- 
ration of his or her residence ia the Roch- 
ester community was reviewed. This in- 
eluded both inpatient and outpatient data 
and utilized the original medical records of 
each provider who attended the patient. 
The history obtained and the various clin- 
ical features at the onset and at each recur- 
rence were recorded, as well as complica- 
tions. Each patient was followed up 
through his or her medical records until 
death or the last visit at any medical facil- 
ity serving this community or through the 
end of 1982. The 151 patients were followed 
up in the Ophthalmology Department at 
the Mayo Clinic for a mean of 9:6 years af- 
ter their first visit for OHSV. Mean follow- 
up by any provider was 11.8 years (12.5 
years for women and 10.9 years for men), 
and only this follow-up was used as the pe- 
riod of observation in estimating recur- 
rence rates. Mean follow-up for all patients 
through correspondence (before the active 
follow-up attempted in this study) was 12.3 
years (12.8 years for females and 11.7 years 
for males). Patient records were also re- 
viewed for possible risk factors and evi- 
dence of previous occurrences. Life-table 
methods using the product-limit approach’ 
were employed to estimate the cumulative 
incidence of recurrences (1 minus survival- 
free-of-reeurrence) and other sequelae. 
Statistical significance indicates P < .05 
unless otherwise noted. 








atural History in Rochester, Minn, 1950 Through 1982. 


first episode of OHSV infection. An 
additional 29 patients had at least one. 
episode of OHSV while Rochester res- 
idents but did not qualify as new cases 
because their initial episode occurred 


before moving to Rochester. Alto- = | 
gether, these 151 pat tients had 294 ep- ee 
isodes of OHSV in Rochester during ae 


the study period. 


Age at Onset 


Onset of the disease occurred at all 
ages. Although there were more cases 
in younger individuals, this was re- 
lated to the larger size of the popula- 
tion of young people. The mean age at 
the initial episode of OHSV increased 
from 34.2 years in the period 1950 
through 1962 to 35.1 years in the period 
1963 through 1976 and to 39.5 years in 
the period 1977 through 1982. Analysis 
of the data confirmed an increase in 
the number of young adults presenting 
with the ocular disease and with ocu- 
lar disease being their first encounter 
with the herpesvirus. 


Recurrence Rates 


Among the 151 patients in the series, 
122 had a first episode of OHSV while 
resident in Rochester. The likelihood 
of a recurrence of OHSV infection af- 
ter the first episode is shown in the 
Figure. In this analysis, all recur- 
rences of disease in the ocular area are 
included, even those that occurred out- 
side Rochester. By 1 year after the ini- 
tial episode, there was a 9.6% risk of a 
recurrence, and at 2 years it was 
22.9%. By 10 years, the cumulative in- 
cidence of recurrent OHSV was 49.5%. 
The recurrence rate rose with the 
number of episodes (Figure). Among 
the 57 individuals with a second epi- 
sode of OHSV, the cumulative inci- 


dence of a third was 22.6% at l year ~ z 
and 71.6% at 10 years. In 39 patients. seen 


with a third episode, the risk of a 
fourth was 27.3% at 1 year and 76.4% 
at 10 years. Following a fourth episode © 


of OHSV, the chance of a fifth was 


es- 27, 3% at 1 year and 88.5% at 10 years. 


‘ter were e diagnosed as having their 





i This. pattern was associated witha eo 
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toward < TT intervals be- 
spisodes: with increasing num- 100 Ff 
recurrences (Table 1). 





| i “Clinical Manifestations 
The 294 episodes of OHSV are tabu- 


























lated in Table 2 by type of ocular in- = ae 
= yolverment. Of the 122 patients who € 60 
had their initial episode of OHSVin $ so 
. Rochester, 54% had conjunctivalorlid £ 
a disease, 63% hac corneal-epithelial œ 40 
disease, 6% had corneal-stromal dis- 4 
ise, and 4% had uveitis. Most of the - 30 
tients had more than one manifes- 8 20 
iomof the disease during this initial 
isode. Altogether, 120 (41%) of the 1R 
4 episodes were characterized by lid 0 


onjunctival involvement, while 212 
72% had corneai-epithelial involve- 
as nt, Thirty siz (12% ) featured cor- 
; neal-stromal involvement, and 25 (9% ) Cumulative incidence of any recurrence following specified episodes of acular herpes simplex vi- 
a were « characterizell by uveitis. rus infections among Rochester, Minn, residents with episodes diagnosed 3950 through 1982. This 
O O The specifie ecalar structures af- analysis includes subsequent episodes that occurred outside Rocheste’. | 
fected are tabulated in Table 3. In- 

_ volvement of the lids, conjunctiva, and 
superficial eornea were the most com- 
yn mitial manifestations of OHSV, 
hereas dendritic keratitis was the 
“most frequent Eresentny sign of re- 
 curreat disease. Many patients had lid 
Or eu ancii al involvement, either 
i alone or associated with other features 
asa pa eae a recurrences. Thirty- 







Years After Preceding Episode 

























































Sex and No. Mean (Median) interval 





















































“had a f a involvement Episode of Patients _ Mean (Median) Age, y Since Prior Episode, y Ao 
Ee during the course of the study. No one tst F 66 37.6 (35) T 
a hadd deep corneal involvement or uvel- M 56 37.7 (40) 
ctis as their only manifestation of Total 122 37.7 (35.5) ise 
-OHS®. 2nd F 29 34.7 (28) 3.3 (1.7) 
-The extent of the ocular disease at M 28 43.5 (46) 2.7 (1.8) 
the primary episode was correlated Total 57 39.1 (36) B 3.0 (1.8) 
with future disease pattern. Forty-five 3rd F eh. 39.5 (35) 3.9 (1.4) 
(37% » of the 122 patients with their M 18 40.6 (40.5) 3.0 (3.0) 
first episode of OHSV infection in ____ Total 39 40.6 (37) 3.5 (1.5) 
Rochester had onty lid or conjunctival 4th F 12 41.3 (36) «8.6 (2,9) 
involvement, 36 (30% ) of these 45 pa- M nate 41.7 (49) _ 1.9 (1.2) 
tients had no subsequent episodes. Sy Total 24 41.5 (42) o= 2703) 
‘There were 21 episodes of recurrent Sth F 13 36.3 (28) 3.4 (2.8) 
OHSY infection in the remaining 9 pa- M 11 47.4 (58) 2.7 (1.6) 
- tients; 1 patient had deep corneal in- es Total 24 41.4 (40.5) 3.0 (1.6) 
~ volvement subsequently. Seventy 6th F _2? 34.3 (24) 1.7 (1.2) 
_ (57% 4 of the 122 patients had corneal DO Fn Fagan ite 54.6 (59) 1.7 (0.9) 
epithelial involvement (with or with- bta 1 41.6 (44) | 1.7 (1.0) 
out lid or cenjunctival involvement) 7th EENEN, 5o 33.6 (25) 2.1 (0.6) 
-during their first episode of OHSV in- er ee 59.0 (59) 2:2 (2.2) 
fection in Rochester. Thirty-eight ac I i Oe ate OO eee 2.1 (1.3) 
(54% of these 7 patients had no sub- 8th F ue 32.0 (31) 2.4 (1.0) 
sequent episodes of OHSV infection; beeen a a 60.0 (60) 0.8 (0.8) 
the remaining =2-patients had 72 epi- o ü ût ce 4 o es BOO ae, 2.0 (0.9) 
sodes: Seven of the 122 patients had on F eat Oa o SA5 45) 1.9 (1.9) 
deep corneal irvalvement during the M ! 61.0 (61.0) __ 0:8 (0.8) 
t episode of OHSV infection in Total 3 43.3 (44) 1.6 (0.8) 
ster; all T Ead lid, conjunctival, 1 TS el 57.0 (57) | _13.2 (43. 2 
rfici orneal involvement con- r : oe Mae seer eee 
! 1 57.0 (57) | 132 aaa BERN ee 





ant with their deep- c corneal in- 
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ee Lid or Conjunctival. Epithelial. Stromal SCS 
fav Ti NG, Of Disease, Disease, Disease, Uveitis, 
Episode — Patients No. (%) No. (%) No. (%) No. (%) 


66 (54) 
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120(41) 212 (72) 36 (12) 25 (9) 











First Episode Other Episodes 













All Episodes 
{n = 122), (n = 172), {m = 294), 
7 . Structure NO. (%) NOM) No. (%) 
Lids ine $6046) 87D BBD 
_Sonjunctva 30 (25) ee.) a 60 (20) 
‘| - Superficial corneal 
 Punctate epithelial keratitis 14 (11) 37 (22) §1 (17) 
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Sorrento numinn AAA LMA treme ann tm eren a nso rr en 
paana Aarena eraa ALON SARIN HAA Ahna ANAN rrarena iAy: 


een en aema eenn e tte emana manen rrea n aeneae r e a aan raved ytiapsnercon 


A: Oihar deep e ND foe ce aaa O a a 
-Uveitis 20 (12) 
~ "Some patients had multiple manifestations and/or both eyes involved. 








No. of initial Episode of 
Patients Stromal Keratitis 
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mal disease during their initial epi- 
sode, with a peak during the third ep- 
isode of OHSV. Among the patients 
who had stromal disease or uveitis, all 
had prior or simultaneous corneal ep- 
ithelial disease. Disciform keratitis 
was seen in 3 primary episodes and in 
10 recurrent ones. Necrotizing kerati- 
















i Troa keratitis. The mean 
ser e at their first signs 


a atients developed =a 







I: T tis was seen in 2 primary and 14 recur- 


cal , current episodes. The average le 
in rent episodes. Permanently altered 


structure was seen ind patient during. = i resolution of active disease ( by biomi- 











r prode: anti in 3 pati é 
during ecurrent episodes. SE- 
There were 11 episodes | of ge 
graphic herpetic keratitis i in ni 
tients. Three patients presented 
geographic keratitis during the fir 
episode of OHSV, without having a 
vious dendritic disease. Geographic 
keratitis developed for the first ti nes 
during the second episode of OHSVin — 
one patient, and it developed for the 
first time during the fourth episode in 
two patients and during the fifth epi- 
sode in three patients. In five of these 
six patients, dendritic keratitis had 
been present at a previous episode. 
None of these nine patients received 
any corticosteroid medications before 
the appearance of geographic kerati- 






tis, and none were immunosuppressed. + 


Eighteen (12% ) of the 151 patients 
demonstrated involvement of both — 


eyes or periocular tissues with herpes 
simplex at some time during thecourse _ 


of their disease. Five of these 18 pa- _ 
tients were atopic individuals. Eleven 
of the 18 had bilateral involvement 
during the initial episode of OHSV, 
with the vast majority representing 
solely lid or conjunctival disease. Si- 
multaneous corneal involvement was 
seen in just 1 patient. Four patients 
had simultaneous binocular involve- 
ment during episodes other than the 
first, and in 1 atopic patient, binocular 
involvement was demonstrated during 
four recurrent episodes with almost 
identical disease in both eyes. In 11 
patients, there was involvement of. 
only one eye at one episode and in- 
volvement of the other eye or both eyes 
during other episodes. 


Course and Therapy 


The mean duration of symptoms be- 
fore presentation was 4.5 days (Table 
5), but females took longer to present 
for the first episode (mean, 6.1 days) 
than males (mean, 3.5 days). The time 


from presentation to recognition of the - ae 


disease as OHSV averaged about 4 
days even for recurrent episodes. Once 
treatment was initiated, the patients. 
were judged to have experienced 11.1 


days of active disease (using biomicro- ` 


scopic criteria) on average until the 
disease was rendered quiescent and 
symptoms abated during the first epi- 
sode. With recurrent episodes, the du- 
ration of symptomatic active disease 


was much longer (Table 5). During 2 


resolution of active disease, therapy . 
was continued or tapered in most p 
tients for about 5 days for the firs 

isode and almost twice as long fo 
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“iteria). was 176 days for 
st episode and 28.4 days for 

it episodes. Patients made an 
age of 4.0 visits to an ophthalmol- 
or the first episode (median, 3) 
F (med edian, 4) visits during re- 
curring episodes. 

The medizal records of these 294 ep- 
isedes provide ahistorical perspective 
on the disease and its therapy over the 
ast three decades (Table 6). 





Morbidity 


went: y-two (18% ) of the 122 initial 
ar infections resulted in a visible 
wneal scar,as did 48 (28% ) of the 172 
ecurrent episodes (Table 7). Indolent 
trophic eorneal ulcerations second- 
ary to herpes simplex or a superim- 
posed bacterial infection were seen in 
= 12 patients. One patient. developed a 
< -corneal perforation after long-term 
-< stromal keratitis in the early 1950s. He 
had never received corticosteroids. 
‘wo patients developed recurrent cor- 
rosions inthe eye after previous 
HSV and without clinical evidence of 
ecurrence of the herpetic disease. 
‘Three patients developed cataracts be- 
3 “lieved to berelated to the disease. Five 
patients developed elevated intraocu- 
Jar pressure, 8 of whom had been 
treated with steroids. Permanent cor- 
neal edema in the absence of dense 
t- stromal infiltrates (“endothelial dys- 
ae function”) was seen in 2 patients. 
noe Surgery was andertaken in nine pa- 
<- tients in this series. Two children were 
-treated with cauterization of an active 
epithelial disease while under general 
- anesthesia. Twe patients had a pene- 
trating keratoplasty performed, one 
for optical reasens (the graft remained 
< clear) and the second for severe stro- 
-mal keratitis unresponsive to therapy 
(the graft later failed). A conjunctival 
flap and a tarsorrhaphy were per- 
i ormed i in one patient each because of 
<o wonhealing epithelial defects. One in- 
dividual had a Silastic tube placed be- 
eause of canalicular stenosis related to 
-antiviral therapy. Two patients had an 
enucleation. This was related to pain- 
: ful bullous keratopathy and a blind eye 
in one pati ient:and to a corneal per- 
foration im the second individual. 
_ Adverse effects to antiviral therapy 
were encountered in eight patients, 
four during their initial episode and 
four more during subsequent episodes. 
Reactions included conjunctival folli- 
s (three patients), lid edema (two 
ents), canalicular stenosis (two 
nts), and epithelial roughening 
patient). There were no recorded 
i) ations related to the use of 
this series, although 
‘had increased intraocu- 





































































Days of active disease before presentation 


Days of active disease from presentation to treatment 


Days of active disease on treatment 
Days of inactive disease on treatment 
Days of active disease 


Form of Therapy 


Mechanical 

Débridement, cauterization 
Antiviral drugs 

idoxuridine, vidarabine, trifluridine 
Topical steroids 
Other topical medications 


Antibiotics, antiseptics, anesthetics, silver nitrate, trichloracetic acid, 


lugol solution, etc 
Systemic therapy 


Antibiotics, typhoid or smallpox vaccine, whole blood, brewer's yeast, 


milk injection, vitamins 


Complication 


Ocular complications 
Corneal scar 


Extensive corneal ulceration 
Bullous keratopathy 
Perforation 

Recurrent erosion 

Ocular hypertension 
Cataract 


Surgical therapy 
Cauterization under anesthesia 
Corneal transplant 
Conjunctival flap Ba 
Tarsorrhaphy 
Enucleation 
Silastic tube for canalicular stenosis 
Adverse effects of antiviral therapy 


- Adverse effects of steroid 





lar pressure while taking steroids. 
Among the 122 patients who had 
their primary episode of OHSV infec- 
tion in Rochester, 9 had bilateral ocu- 
lar or periocular involvement. These 
patients were followed up for a mean 
of 9 years after their primary episode 
(131 eyes at risk). Ninety-four of the 
131 eyes maintained 20/20 visual acu- 
ity after the first episode, and 91 of the 
131 eyes still had 20/20 visual acuity at 
the last follow-up. An additional 11 
eyes had visual acuity of 20/40 or bet- 
ter, and only 3 of 131 had visual acuity 


worse than 20/100. There were 2 chil- 
onset of. OHSV | 


dren who had unmeasured but good 
visual acuity. 





* Some patients received several forms of therapy during the 294 episodes. 
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COMMENT 


This study describes the natural his - 
tory of a chronie and recurring diseas 
among unselected patients fror 
community over a prolonged pi 
determine its cHnical course and mor 
bidity. The well-defined pop 
carefully maintained medical record: 
and comprehersive retrieval syst 
permit us to make observations 10t 
previously possible = 
The age at o gee of OHSY 3 





reported. Pietruse ka’ -repo 
redom 






young children. 





~ no consistent association between re- 


rn’ currences and age, sex, er previous 





with. primary -OHSV with a 
mean age of 25 years. In the present 
series, the mean age for the 122 pa- 

h their first episode in Roch- 









: throughout all ages, how- 
ter ae aa for the size of 


1Our r study, like other re- 
gests that primary herpes is 
re frequent in adults than pre- 
vious! and that there may be agreater 
likelihood of ocular infection being the 
‘manifestation of the virus.*’ 
Among Rochester residents, there 
" re 294 episodes in 151 patients for an 
erage of 1.9 episodes per patient 
ring our mean follow-up time of al- 
most 13 years. There was approxi- 
mately a 36% recurrence rate at 5 
. years and 63% at 20 years after the 
> primary. episode. After recurrent at- 
- tacks, there is a greater likelihood of 
_ further recurrences, such that 70% to 
80% of patients can expect a recur- 
: rence within 10 years after their sec- 
ond attack. Wishart et al,’ using ceri- 
teria similar to the present study, re- 
< ported a recurrence rate of 32% at 2 to 
15 years after a primary episode of 
- OHSYV. Carroll et al” reported a 26% 
_ chance of recurrence of dendritic kera- 
-titis after the first attack and 43% af- 
_. ter a previous recurrence. Shuster et 
_ al? reported a 33% recurrence within 
oe years in patients with a history of 
- two prior epithelial attacks. Others 
have reported recurrence rates of 40% 
at 5 years’ and 61% to 67% within 7 
years” 43 without defining the number 
of prior attacks. Gundersen” reported 
_ the largest series with 446 episodes in 
ee: P tients, but the follow-up period 
ist | and the recurrence rate is 
parately among patients 
ary or recurrent episodes. 
the present series, the mean in- 
rom the primary episode to the 
episode was 3.0 years (median, 
rs) and was usually shorter for 
quent recurrences. Wishart et 
eported an average interval of 10 
or the first four recurrences 
hen shorter intervals with subse- 
uent recurrences; recurrences were 
ore ommon in patients under the 
20 years and in patients with 















































ave reported an average 
















id or -conjunctival ins o. 
ent during the) primary episode. 3 


of 1 year, 1.5 years," and 5.7- 
years’ between: reourreneeds there was 


therapy. 

In this series of 151 patients, the oc- 
ular manifestations, the structures in- 
volved, and the subsequent morbidity 
may be somewhat different than gen- 
erally perceived. The vast majority of 
patients had lid, conjunctival, or su- 
perficial corneal involvement only, ei- 
ther during the primary episode or at 
a recurrence; recurrent isolated lid or 
conjunctival involvement is a definite 
entity. Of the 122 patients with initial 
attacks of OHSV in our study, there 
was lid or conjunctival invelvement in 
04%, superficial corneal disease in 
63%, stromal disease in 6%, and uvei- 
tis in 4%. Darougar et alf reported 
blepharoconjunctivitis in 938%, den- 
dritic keratitis in 15%, and disciform 
keratitis in 2% of the patients in their 
series. Seven percent had cenjunctival 
involvement alone without lid or cor- 
neal lesions, and 15% developed 
chronic blepharoconjunctivitis that 
persisted occasionally for months. 
Their data most accurately reflect the 
clinical picture of primary ocular 
herpes because of the prospective na- 
ture of the study and the high suspi- 
cion for herpes simplex virus, which 
led to diagnostic studies. In the follow- 
up study of these patients, reported by 
Wishart et al, conjunctivitis with lid 
lesions was the most common form of 
recurrence of OHSV (83% of recur- 
rences); acute follicular conjunctivitis 
without lid lesions was alsc more fre- 
quent (17%) than dendritic keratitis 
(9% ) as a form of recurrence. There is 
evidence from other studies that 
herpes simplex virus may constitute 
up to 23% of acute conjunctivitis pre- 
senting at ophthalmology outpatient 
clinics'’* and may frequently present 
without corneal or lid lesions.” 

Nineteen percent of cases in the 
Darougar et al* study were bilateral 
compared with 7% of first episodes in 
the present study. Of our 151 patients, 
18 had evidence of disease in both the 
right and left ocular tissues, either si- 
multaneously or at different times 
during the course of their disease. 
Other large series have reported bilat- 
eral herpes in 1%,'* 2%, or 10% of 
patients. Bilateral herpetic keratitis 
was reported in 3% of the series by 
Wilhelmus et al,® with 40% of these 
patients being atopic. Patients with 
bilateral involvement tend to be 
younger.’ 

‘Stromal disease of some ferm devel- 


oped in about one fifth of our patients. 
n- It occurred during the initial episode of 
. OHSV in 7 patients and during one of 
the first three episodes in 21 patients. 








This lends redence to the concept stthat ee 
viral strain rather than recurrence — 

rate determines the severity of stro- 
mal disease?! Other studies have. 





shown that subsequent stroma in 


flammation appears to be independent = 
of prognostic features* or histocom- 
patibility antigens.” Various authors. P 
have reported stromal diseasein 2% of - 
primary disease’ and 25% of eyes after 


ð years of follow-up* or between 26% 


and 48% of eyes’?* after variable fol- 
low-up. In our study, disciform kerati-— a 
tis was seen in 3 eyes during primary = ve 
episodes and 10 eyes in recurring epi- 


sodes. Necrotizing stromal disease de- 


veloped i in 2 eyes during the courseof . 
the primary disease and in 14 eyes © 


during the course of recurrent disease. 
Geographic keratitis was seen in 


three eyes during the primary episodes 
of OHSV and in nine eyes during the 
172 recurrent episodes. Like Wilhel- 
mus et al,‘ we found no association be- 


tween the occurrence of a geographic 
ulcer and the sex of the patient, patient 
age, atopy, cutaneous herpes, or previ- 
ous ulceration. In addition, our study 
did not demonstrate a relationship of 
geographic keratitis to the use of top- 
ical steroids. Trophic or indolent dis- 
ease was uncommon, being seen in only 
four of the eyes during the 294 epi- 
sodes. 

The majority of our patients with 
stromal disease did well, although 
stromal scars were not uncommon. 
More severe problems with bullous 
keratopathy (two patients) or perfora- 
tion (one patient) were unusual. Some 
authorities believe descemetocele for- 
mation and perforation may be caused 
by steroid medication,* but the per- 
foration occurred early in our study 
without steroid use. 

There were two corneal transplants, 
one conjunctival flap, and two enucle- 
ations for OHSV during the 33-year 
period of the study. This may reflect a 
conservative attitude toward corneal 
transplantion, combined with the fact 
that the disease was usually unilateral 


and with the realization that up to 75% 


of corneal grafts may develop a recur- 
rence of the disease.” 
Therapy for OHSV in the early years 


of this study ran the entire gamut, and 


this study cannot address the overall 
effectiveness of any form of treatment 


because of lack of appropriate selec- : 
tion and the absence of controls. None- = 
theless, it is evident that natural res- 







olution occurs and probably was. the 


primary mode of therapy in earlier — 
years. The occurrence of recognized 


toxic. medicament or allergic reactions 
in this series was small. In a large se- 
ries, Faleon et al’ reported local hy- 
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E E in 8% of pa- 
| a arne 4. 6% of 





-ported n12% of [panonia with idoxu- 
Eline. 4 ‘i 5% of patients with trifluri- 
~ dine, and 3% of the patients with 
ae “ey: ine. Pa 

~ There are no good criteria to judge 
_ fhe overall impact of this condition on 
the individual or on society. The con- 
tion is recurrent, and each case is 
ique; the satient may or may not be 
sabled during a recurrence and may 
may not be permanently hampered 
the residual corneal scar or other 
structural abnormality. Seventy 
24% Jof the 284-episodes in our study 
resulted in a visible corneal scar. 
< Wilhelmus and ethers* reported a vis- 
i ible stromal scar occurring in 22%. 
‘Thirty-three of the episodes were 
characterized by stromal keratitis, 20 
were characterized by uveitis, and 12 
iad extensive corneal ulceration dur- 
ing episodes. Two patients had result- 
needa keratopathy, 1 patient had 
a perforation, and 2 patients ulti- 
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mately required enucleation. Of im- 
portance is the finding that 90% of 131 
eyes in 122 patients who had their pri- 
mary attack in Rochester maintained 
20/40 or better visual acuity through- 
out the course of the follow-up in 
Rochester, and only 4 eyes had visual 
acuity worse than 20/100 (visual acu- 
ity in 2 patients was unknown). This 
correlates with the Wilhelmus group* 
data, where 73% had visual acuity of 
6/12 or better, 24% had visual acuity 
between 6/18 and 6/60, and only 3% 
had visual acuity worse than 6/60 after 
5 years of follow-up. Norn’ reported 
final visual acuity of 6/6 or better in 
46%, while 17% had visual acuity 
worse than 6/18. 

As judged by clinical examination, 
the average length of active disease for 
the initial ocular episode was 17.6 days 
and for recurrent episodes was 28.4 
days. It was not possible to judge each 
patient’s level of activity or work po- 
tential during the course of the dis- 
ease. There were, however, an average 
of 4.0 visits to the ophthalmologist for 
the primary ocular episode and 5.9 vis- 
its for each recurrent attack. This fea- 
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ture suggests tha : the diseni 
time-consuming ami threat 
the patient and may well ha 
considerable ecoaontic impact. 
This study has attempted to ilk 
trate the natura. histery of OHSV to 
advise the patiert and offer a ‘progno- 
sis for subsequert complications. Pre- _ 
vious studies have been hampered — 
by dependence on unrepresenta ive . 
groups of patients. N onetheless, much 
more work in this area is need 
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_The current study was undertaken to 

_ -` assess the relationship of smoking to the 
tisk of lens opacities. The risk was evalu- 
ated separately for nuclear and cortical 
> opacities and for both types together. We 
-studied 838 watermen in Maryland by de- 
= tailed ocular examination for the presence 
and severity of each cataract type. All 
subjects were interviewed regarding 
smoking history, and a cumulative smok- 

ing dose was calculated. The results sug- 
gest a significantly increased risk of pure 
nuclear opacities associated with ciga- 
rette smoking. The increase in smoking 

-= dose was associated with increasing se- 
verity of nuclear opacity. The risk of nu- 
clear opacities increased with increasing 
cigarette dose and decreased if the sub- 
ject had quit smoking. The effect of smok- 

_ing was most striking in those less than 80 
years old. No increased risk of nuclear 
-opacities was observed with earlier age 

: when smoking started, after adjusting for 
dose and cessation of smoking. Further 
investigations are warranted on the bio- 
chemical and physical damage to the nu- 

=> eleus of the lens from smoking cigarettes. 
-$ (Arch = Ophthalmol. 1989;107:1166- 
= 1169) 


o enile cataract is the leading cause of 
=o blindness worldwide, with an esti- 
mated 12 to 15 million persons 
© affected! Although blindness from 
> “cataracts is largely avoidable, the 
<< problem is especially acute in less de- 
veloped countries, where the preva- 
< Jenee may be higher but the resources 
for treatment are lacking. As a result, 
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epidemiologic research has been un- 
dertaken to identify risk factors that 
may be altered to prevent cataractous 
change. Cigarette smoking has been 
reported to be associated with an in- 
creased risk of cataracts in population 
studies of diabetes’ and a case-control 
study of patients with cataract com- 
pared with volunteer controls. In the 
absence of data on any dose-response 
relationship, it is difficult to assess the 
etiologic significance of these findings. 
Moreover, no information is available 
on whether the association is seen with 
nuclear, cortical, or all types of cata- 
ractous change. As part of a popula- 
tion-based survey of risk factors for 
cataracts, data on smoking history and 
severity of lens opacity were collected 
to address these questions. 


SUBJECTS AND METHODS 


The survey was conducted among the 
watermen (fishermen) residing in Somerset 
County and lower Dorchester County, 
Maryland, who have held a commercial 
license to catch seafood in the Chesapeake 
Bay. A total of 838 men, aged 30 years and 
older, participated, for a response rate of 
70%. A signed statement of consent was 
obtained from all participants after the na- 
ture of study procedures had been fully ex- 
plained. All subjects were interviewed at a 
central examination site and asked about 
their medical history, including diabetes, 
hypertension, glaucoma, steroid use, aspi- 
rin use, and smoking history. Cigarette 
smoking was ascertained by asking if the 
respondent had ever smoked five packs of 
cigarettes over his lifetime. If he had, the 
total number of years smoked was deter- 
mined, and the usual number of cigarettes 
smoked per day was obtained. Data were 


collected on temporary cessation of smok- 
_ and the School of Public Health (Dr Emmett), The 198 and, if the subject had stopped, the 
- -Johns Hopkins University, Baltimore, Md. ~ number of years since stopping. 

_... Reprint requests to Wilmer Bldg 118, The Johns 


ae 7 | After dilating the pupil, a detailed ocular 
-o Hopkins University, 600 N Wolfe St, Baltimore, 


- examination was conducted in which the 
_ presence and severity of nuclear, cortical, 
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Cigarette Smoking and Risk of Nuclear Cataracts 


and posterior subcapsular opacities was re- 
corded on a standard form. Methods for 


cataract grading have been described in de- 
tail elsewhere.“ The grading scheme can be 
summarized as follows: nuclear opacities 
were graded clinically according to a set of 
standard photographs of increasing opaci- 
fication that defined each level of opacity. 
The grades were 0 for no opacification, 1 for 
early minimal changes with no expected 
impact on visual acuity, 2 for opacification 
consistent with visual acuity of 20/30, 3 for 
opacification consistent with visual acuity 
up to 20/100, and 4 for opacification consis- 
tent with visual acuity greater than 20/100. 
In each case the grading was according to 
the severity of opacification in the standard 
photograph and did not include the actual 
acuity of the subject. Cortical opacities 
were graded at the slit lamp in retroillumi- 
nation for the estimated total pupil area 
affected by spokes; the area was estimated 
in one-eighth steps from 0 to 8/8. Posterior 
subcapsular opacities were measured in 
retroillumination for the longest height 
from top to bottom and greatest width us- 
ing the graticule on the slit lamp as a scale. 
In cases of aphakia, the operating ophthal- 
mologist was contacted, and the type of 
cataract was determined from his or her 
clinical record. 

Data were entered into an IBM 4331 
computer and analyzed using the SAS sta- 
tistical package. The SAS CATMOD proce- 
dure was used to caleulate regression coef- 
ficients for the multiple logistic regression 
model, where presence or absence of the 
different types of opacities was the out- 
come. In this model, the probabilities of 
having a certain type of opacity are calcu- 
lated while adjusting for the presence of the 
other types. Regression analyses associat- 
ing smoking with severity of opacity were 
done evaluating the risk separately for each 
grade and excluding the other grades for 


that opacity from the model. This approach 
was chosen, rather than an ordinal regres- 
sion model, to show the change in risk esti- i 


mate by severity grade. To evaluate the ef- 
fect among smokers of early age when first 
smoked, or of quitting smoking, age-stan- 
dardized prevalences were calculated using 


Smoking and Cataracts—West et al 





à 








e pepulation in each age stratum as the 
tandard popwiation. The most conserva- 
ye estimation procedure was chosen, 
here the other opacities were allowed in 
e denominator for calculating rates of a 
particular opacity. Cumulative smoking 
-dose was calculated as the product of the 
‘total number of years smoked and the 
“average number of packs smoked per day. 


RESULTS 


In this population, 263 men were 
considered te have some lens opacity. 
-A total of 229 men had nuclear opaci- 
es (with or-without other types), 111 
ad cortical opacities (alone or with 
‘her types), and 14 had posterior sub- 
apsular opacities. A total of 79% of 
study population indicated they 
i ever smoked (Table 1). Overall, 
- these men were quite heavy smokers, 
-as within each age group 40 years and 
` above, at least two thirds had smoked 
the equivalent of a pack a day for 15 
years. 

_ Subjects with nuclear, cortical, or 
mixed opacities were slightly more 
likely to have ever smoked than those 

with no opacities, suggesting that a 
“more detailed analysis of the actual 
~ smoking dese would be more informa- 
-tive than simply a history of smoking 
(Table 2). The average age was also 

higher for those with opacities, espe- 

cially for these with mixed nuclear and 
— cortical opacities, who were on average 
-B te 9 years older than subjects with 
either nuclear or cortical opacities. 
The association of cumulative dose 
of smoking with the risk of specific 
eataract type was examined using a 
multiple logistic regression model 
with eategcrical outcomes to control 
for age, the presence of other opacity 
types, diabetes, and steroid use (Table 

3). (Diabetes and steroid use were not 
significant and are not given in the 
table) Oniy the risk of pure nuclear 
opacities was significantly increased 
~ with increasing consumption of ciga- 
.-rettes, although with 14 cases of pos- 

terior subeapsular opacities, the num- 

ber was teo low to detect any signifi- 
` cant increase. Further analyses were 
confined to the risks associated with 
pure nuclear opacities. No nuclear 
opacities were observed in subjects 

-under the age of 40 years, so data are 

_ given only for subjects aged 40 years 

and older. 

‘Aw increase in the cumulative dose 
of smoking was also associated with 
-. {nereasingseverity of nuclear opacity, 
-o controlling for age (Table 4). The re- 
gression ceefficient, .007, for the effect 
moking on the risk of grade 1 
ear opacity doubled when estimat- 
the risk of nuclear opacity grade 2 
or higher. 
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Prevalence of 
Any Opacity, 


Age, y % © 
30-39 2 
40-49 4 
50-59 18 
60-69 55 
70-79 85 

80+ 100 






Cataract Type” (n) 
Nuclear only (145) 
Cortical only (30) 
Mixed nuclear and cortical (75) 


No opacityt (566) ee 
* Only 14 posterior subcapsular cataracts (with and without other opacities) were observed, and these ha 


been excluded. 
tSix subjects had missing data on smoking, and three subjects had non-age-related cataract. 





Proportion Who 


Proportion Smoked Equivalent 
Who Ever df 15 Pack-Years 
Smoked, % or More, % 

70 46 

83 67 

86 77 

85 78 

74 62 

74 69 





Proportion Who 
Average Age, y Ever Smoked, % 
67 82 
66 83 
74 82 
47 78 





Regression oP 

Opacity Variable Coefficient SE Value 
Nuclear only Cumulative smoking .009 03 <.004 
Age _.169 O15 <.001 

Cortical only Cumulative smoking .002 WOE NS 
| Age _ .156 622 <.001 
PSC (mixed) Cumulative smoking 012 07 063 

Age O92 O2F NS 

Nuclear and Cumulative smoking .007 £004 NS 
cortical Age 269 823 <,001 


*NS indicates not significant; and PSC, posterior subcapsular. 





Nuclear 


Opacity Regression P 
Grade Variabie Coefficient SE Value 
1 Cumulative smoking .007 D3. <.001 
Age .138 13 .026 
2+ Cumulative smoking O14 D5 <.001 
Age .269 C30 .004 


The effect of smoking was more pro- 
nounced in those below age 80 years. 
The predictive probabilities of nuclear 
opacities in a man aged 60 years rose 
with increasing cumulative dose of 
smoking (Figure). In a 70-year-old, the 
absolute probability (in the absence of 
smoking) started high and rose with 
smoking dose. However, by age 80 
years, the increase in probability with 
smoking dose was very slight. 


Among the 518 smokers, the pre 
lence of nuclear opacities was highe: 
those who had started smoking a 
younger age (Table 5). The incre 
was consistent for all ages below 
years, and the age-adjusted prevale 
of nuclear opacities was highest 
those who began smoking before agi 
years. | | pat! 
The prevalence ef nuclear pacii 
among current smokers and ami 
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f Predictive probabilities of nuclear opacities by age and smoking dose in pack-years. Symbols in- 










Current % 
Age, y ___No. Opacity 
40-49 50 4 
50-59 66 17 
60-69 84 36 

70+ 61 42 


Age-adjusted 
prevaience 


|. 40-49 
Prevalence, % 


Matanaia, 








Prevalence, % 15 __9 _ 8 ee. 13 
No. ana 72 10 13 47 
60-69 
Prevalence, % 49 27 43 21 
Sf No. ar: 22 14 61 
Po 70+ 





a Prevalence, % 47 
— No, 34 


BE n Age-adjusted prevalence, Yo 


= exsmokers by the number of years 
since quitting smoking was examined 
_ to determine if any benefit could be 
_ seen to stopping smoking (Table 6). In 
_ almost every age group, the highest 
< prevalence of. opacities was observed 
= among current smokers and those who 
_ Stopped smoking up to 5 years ago; the 





-a dicate individuals aged 60 (asterisks), 70 (diamonds), and 80 (triangles) years. 


<16 16-20 >20 


Current menace ee eententnrensin, 
Age, y —— __ Smokers 1-5 5-10 >10 


Age Started, y 










% % 
No. ù Opacity No. Opacity 
59 7 1 o 
62 8 14 14 
57 _37 i 9 
31 39 12 50 








No. of Years Stopped 





































lowest rates were observed among 
those who quit more than 16 years ago. 

Those subjects who start smoking at 
a young age, or those who have not 
stopped smoking, may have an in- 
creased risk of nuclear opacities sim- 
ply because the cumulative dose of 
cigarettes smoked is more for them 
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95% 
Confidence 
interval _ 
3.82, 8.00 


Odds 
Ratio 


5.53 







Variable * 
Age 
Cumulative 


























smoking dose ee 0.94, 1.32 
Stopped smoking 

<10 y ago 0.76 0.51, 1.13 

10+ y ago 0.87 0.49, 0.92 
Age started, y 

<16 1.52 0.83, 2.79 

16-21 1.56 0.82, 2.84 





*For continuous data. odds ratios are calculated 
based on increments of 1C years for age and 20 
pack-years for smoking dose. 


than for others who started later or 
who quit. To determine the indepen- 
dent contributions of dose, age started 
smoking, and status cf stopping on risk 
of nuclear opacities among the smok- 
ers, further regression analyses were 
done (Table 7). The results suggested 
that, for smokers, the risk of nuclear 
opacities increased with cumulative 
dose of cigarettes and decreased if the 
subject stopped smoking for 10 years. 
After controlling for these factors, 
there was no increased risk of nuclear 
opacities with earlier age when start- 
ing smoking. 


COMMENT 


A significantly increased risk of pure 
nuclear opacities was associated with 
cigarette smoking in this population of 
men. The association showed a dose- 
response relationship with cumulative 
numbers of pack-years smoked and 
was associated with increasing sever- 
ity of opacity. For smokers, the risk 
decreased independently of dose 
smoked if they had quit smoking com- 
pared with current smokers. The effect 
of smoking was most pronounced in 
those less than 80 years old. 

Clayton et al reported that cataract 
cases tended to be smokers compared 
with controls, but no data were given. 
Klein et al? also reported that among 
older-onset diabetics, smoking was 
significantly associated with increased 
prevalence of cataracts. Smoking was 
not further characterized, and cata- 
ract type was not specified. Cameron,’ 
in a study of 220 subjects presenting 
for facial biopsy at a dermatology ser- 
vice, found no increased risk of nuclear 
or posterior subcapsular opacities 
with smoking. For nuclear opacities, a 
1.4 increased risk was observed for 
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se i m oking more than 40 pack- 
rs, but the increase was not statis- 


ally significant. Our data are the 
t report ef the importance of smok- 
-as a risk factor for nuclear opaci- 
ties in a general population, demon- 
strated by the finding of a dose- 
response relationship, a relationship 
with the severity of the opacity, and 
decreased risk associated with cessa- 
_ tion of smoking. 








+ 


_.. In previous work, we demonstrated 
s population that nuclear cata- 
were not related to history of di- 
x ultraviolet light exposure, or 
‘diuretic or cardiac medications," 
do net expect confounding by 
actors to have produced these 














did not ask about alcohol intake, 
- and aleoho! intake is reportedly higher 
among smokers compared with 
. nonsmokers.” However, we know of no 
: evidence that alcohol use is associated 
- with nuclear opacities. Clayton et al 
- found an odd “V”-shaped association 
between cataract (type not specified) 
< and reported alcohol use in their case- 


1. Kupfer C The conquest of cataract. a global 
challenge. Epe: 1985;104:1-10. 
2 Kiein BEK, Klein R, Moss SE. Prevalence of 
- gataradts in s population-based study of persons 
Co witi Gabetes mellitus. Ophthalmology. 1985; 
82: T191-1196. 

-coogi Clayton 2M, Cuthbert J, Duffy J, Seth J, 
Phillips CI, Bartholomew RS, Reid J M. Some risk 
factorsassociated with cataract in SE Scotland: a 
pilot study. Bye. 1982;102:331-336. 

4. West SE, Rosenthal F, Newland HS, Taylor 
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control study. In their data, occasional 
or moderate drinkers had less risk 
than abstainers. Klein et al’ did not 
examine alcohol use among their pop- 
ulation of diabetics. Taylor’ reports no 
increase in prevalence of cataract with 
increasing alcohol use. The consis- 
tency of our findings, including a dose- 
response relationship, a relationship 
with severity of the opacity, and a re- 
duction in risk if smoking is stopped, 
suggests the findings are unlikely to be 
an indirect association. 

The finding that smoking was re- 
lated to pure nuclear opacities but not 
to mixed nuclear and cortical opacities 
at first appeared to be contradictory. 


However, predicting the probability of 


nuclear opacities by age showed the 
effect of cumulative doses of smoking 
was most pronounced in those less 
than 80 years old. The average age of 
subjects with mixed opacities was 74 
years, with only two of them less than 
age 60 years. Thus, we would not expect 
smoking to have much of an effect on 
the risk of nuclear opacities, regard- 
less of whether other opacities were 
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present, in this age group. It is inter- ` 
esting to speculate that the etiologic — 
factors that produce mixed cataracts - 
in the oldest age groups may be dif- » 
ferent from those that are associated ~ 
with pure opacitigs. a 

Mechanisms by which smoking — 
might damage the lens nucleus are un- 
clear. The apparent benefit to stopping - 
smoking, which is independent of the 
cumulative dose smoked, suggests the 
damage to the lens with cumulative _ 
dose may be reversible. Further inves- 
tigations are warranted on the bio- - 
chemical and physical damage done by | 
smoking cigarettes. For now, it ap- 
pears that in addition to the plethora 
of other diseases associated with 
smoking, we might add risk of lens 
damage as well. 
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e We report the ophthalmological find- 

ings of a 6-year-old boy who has features 
Of both Aland Island eye disease (also 
Called Forsius-Eriksson ocular albinism) 
and. incomplete congenital stationary 
night blindness, as defined by Miyake, 
leading us to supsect that they are the 
-same entity. This child has a deletion of 
part of band 21 of the short arm of the X 

= chromosome (Xp21) and three other X- 
-inked disorders: congenital adrenal hy- 
poplasia, glycerol kinase deficiency, and 
Duchenne type muscular dystrophy. The 

5 electroretinogram showed negative sco- 
topic and abnormal photopic waveforms 
that were similar, if not identical, to the 
< -@lectroretinographic findings in both 
ee Aland island eye disease and X-linked 
- incomplete congenital stationary night 
blindness. Because of this similarity and 












_ |» the nomenclature and classifica- 
~~ tion of human genetic diseases, re- 
earchers have erred both in combin- 
ng different genetic entities under the 
same name and in calling different 
resentations of the same disease by 
ifferent names. The increasing ability 
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the defective dark adaptometry that has 
been reported in patients with this disor- 
der, we believe that Aland Island eye dis- 
ease is more appropriately classified asa 
form of congenital night blindness than as 
a form of ocular albinism. From our case 
and review of the literature, Aland island 
eye disease and incomplete congenital 
stationary night blindness appear indistin- 
guishable. If further studies confirm that 
the disorders are the Same, we recom- 
mend use of the term Aland island eye dis- 
ease or Forsius-Eriksson-Miyake syn- 
drome. We also recommend that the gene 
Symbols CSNB1 and CSNB2 be used for 
compiete congenital Stationary night 
blindness and Aland disease, respec- 
tively. 
(Arch 
1179) 


Ophthalmol. 1989:107:1170- 


to distinguish disorders into separate 
entities by clinical, functional, physio- 
logical, biochemical, and molecular 
means has increased our appreciation 
of the heterogeneity of genetic disease. 
For example, there are now two 
forms of X-linked retinitis pigmen- 
tosa,’"?>5") two forms of vitelliform 
macular dystrophy, and possibly 
two forms of macular corneal dys- 
trophy.’ 


Perhaps less common are the in- 
stances when two genetice disorders 
previously thought to be separate dis- 


orders are realized to be the same dis- 
ease. Fleischer’s vortex dystrophy or 


1170 Arch Ophthalmol—Vol 107, August 1989 





cornea verticillata were terms used to 
describe a whorl-like cornea] epithe- 
lial dystrophy, which later wag appre- 
ciated to be the carrier state for the X- 
linked disorder Fabry’s disease, a 
much more severe systemie disorder 
resulting in vascular disease and renal 
failure in affected males. Stargardt’s 
macular dystrophy and fundus flavi- 
maculatus were once considered sepa- 
rate disorders until patients were fol- 
lowed up for sufficient time to see one 
fundus pattern evolve into the other 
and families were studied that had 
members with both fundus appear- 
ances.‘ 

We have studied a boy with congen- 
ital adrenal hypoplasia, glycerol ki- 
nase deficiency, Duehenne type mus- 
cular dystrophy (DMD), and poor vi- 
sion, who was found to have a deletion 
of band 21 of the short arm of the X 
chromosome.** Congenital nystagmus, 
iris transillumination, and fundus hy- 
popigmentation initially suggested oc- 
ular albinism. Electroretinographic 
(ERG) responses were not consistent 
with the normal or supernormal 
waveforms’ seen with Nettleship-Falls 
ocular albinism but instead showed a 
“negative” ERG configuration, which 
is defined as a scotopic ERG waveform 


with the amplitude of the b wave less. 


than that of the a wave for the same 
response (see Table 1 for a list of dis- 
orders that can show a negative ERG). 
The most frequent congenital disor- 
ders that produce a negative ERG with 


Aland Disease—Weleber et al | 










ormal or near-normal a wave are 
-linked juvenile retinoschisis and the 
various types of congenital stationary 
night blindness (CSNB); CSNB can be 
autosomal recessive, autosomal domi- 
‘nant, or X-linked recessive. However, 
only the autesomal recessive and X- 
linked forms of CSNB demonstrate the 
negative ERG 
` On the basis of dark adaptometry 
and ERG findings, Miyake et al’"* have 
gubelassified CSNB into a complete 
m (with uo rod ERG, absent rod 
rk adaptation on dark adaptometry, 
d minima. ERG oscillatory poten- 
is) and an incomplete form (with 
bnormal but measurable rod ERG, 
able red dark adaptation, and 
rmal bat more intact ERG oscil- 
latory potentials). The ERG findings of 
our patient were similar to what has 
‘been previously described with For- 
sius-Erikssoa ocular albinism or 
Aland disease” and also similar, if not 
identical, to what has been described 
independently as incomplete CSNB. 
c We present the hypothesis that in- 
complete CSNB, as defined by Miyake 
et al and Aland Island eye disease 
-(Forsius-Erixsson ocular albinism), +“ 
“also known as Aland Island disease, 
are the same disease. Authors have 
previously questioned whether Aland 
disease is a true form of ocular 
albinism“ er a variety of achro- 
matopsia,’’ & hypopigmented state re- 
dated te highmyopia,'* or hypopigmen- 
tatien secondary to CSNB with 
myopia.” The ERG, psychophysical 
findings, anc ocular hypopigmentation 
of Aland disease are dissimilar to 
achroraatopsia, high myopia, or com- 
plete CSNB as defined by Miyake et al 
but identica: to what they call incom- 
plete CSNB. We conclude that Forsius- 
_ Eriksson ocular albinism or Aland Is- 
land disease and incomplete CSNB as 
defined by Miyake et al may be the 
game disorder, and that the gene for 
< this conditien lies in band Xp21. 
































PATIENTS AND METHODS 


The clinica! presentation and evaluation 
of the features of congenital adrenal hy- 
_ poplasia, glycerol kinase deficiency, mental 
_ retardation, and DMD and the details of the 
` chromesomal studies are the subject of an- 
other report.“A male infant was diagnosed 
as having ocular albinism at age 6 months 
: by a pediatricophthalmologist on the basis 
of congenital nystagmus, accommodative 
esotropia, and ocular hypopigmentation. 
Glasses were: prescribed. Binocular visual 
- acuity using visually evoked cortical poten- 


tials as elicited by checkerboard stimuli 
- wasestimatee at 20/80 at 7 months and 20/ 
2 months of age. (The technique used 
ingle electrode over the midline oc- 
d thus could not distinguish the ab- 
-decussation of retinogeniculate 
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Disorder (Source) 


Stationary defects 
Autosomal recessive CSNB® 


X-linked recessive compiete CSNB® * 

X-linked recessive incomplete CSNB 
(Miyake)? 7:5 

Aland disease (Forsius-Eriksson ocular 
albinism)'° eas 

Oguchi's disease®#rs051.85.07) 


Retinal dystrophies 
Early or transitional forms of RP” 


infantile refsum disease“? 
Goidmann-Favre vitreoretinopathy” “$ 
























Vascular disorders 
ischemic central vein occlusion” 
Central retinal artery occlusion®*°? 195" 
Retinal toxicity 
Quinine’? 
Vincristine” 
Paraneoplastic melanoma” 
Optic atrophy®rs*2>) 





* ERG indicates electroretinography; CSNB, congenital stationary night blindness; N.normal amplit 


X-linked recessive retinoschisis®r84 169. 79..70 





Scotopic ERG | Photopic ERG 
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udes; RP, 


retinitis pigmentosa; and NI, no information. The plus or minus sign indicates amplitudes variably reduced. 
Down-pointing arrows indicate severity of subnormality, with a single arrow signifying mildly to moderately de- 
creased amplitudes; two arrows, markedly decreased amplitudes; and three arrows, severely decreased am- 


plitudes. 
+The 30-Hz flicker ERG responses were normal. 


pathways typically seen in all forms of true 
albinisms.”) The chromosomal deletion in- 
volved part of band 21 of the short arm of 
the X chromosome (Fig 1). A forearm punch 
skin biopsy specimen on hematoxylin-eosin 
staining failed to show the macromelano- 
somes that are characteristic of X-linked 
ocular albinism. The patient’s retardation 
limited subjective determination of visual 
acuity, but at 6 years of age, he showed good 
fixation and following of penlight and small 
objects at a range of several feet with his 
glasses (which were +0.50+3.75 axis 90° 
OU). He had a small angle horizontal pen- 
dular nystagmus with a latent component 
but no strabismus. His irides were blue and 
transilluminated readily such that one 
could see the outline of the lens in its 
entirety in each eye with the slit lamp (Fig 
2). Cycloplegic retinoscopy revealed 
+1.00+3.00 axis 90° OU. His fundus dem- 
onstrated marked hypopigmentation of the 
retinal pigment epithelium in the posterior 
pole (Fig 3), especially around the disc, with 
more normal fundus pigmentation tempo- 
rally, in the maculas, and in the middle and 
far periphery. The macular regions ap- 
peared hypoplastic with absence of the 
foveal light reflex and umbo. The retinal 
vessels and optic disc were normal. 

An ERG was performed at 6% years of 
age under chloral hydrate sedation (100 
mg/kg) using a previously described ganz- 
feld technique.” The pupils were dilated to 
8.0 mm OU with 1% cyclopentolate hydro- 
chloride (1% Cyclogyl) and 2.5% phenyle- 
phrine hydrochloride (2.5% Neo-Syneph- 
rine). The evoked responses were recorded 
from Lawwill-modified Burian-Allen bipo- 
lar contact lens electrodes, differentially 


amplified with a frequeacy band pass of 0.1 
to 1000 Hz (using a 60-Hz notch filter), and 
stored on a computer disk. The scotopic 
phase of the study was performed after 45 
minutes of dark adaptation. Scotopically 
balanced red (A > 680 nm).and blue (A < 470 
nm) stimuli were asec to separate dark- 
adapted cone- and rod-mediated responses. 
White light of graded <ntensity was given 
over approximately a 4. log unit range. Re- 
sponses of dark-adapted cones were iso- 
lated by digitally subtracting the ERG ob- 
tained with blue light rem that obtained 
with scotopically matched red light. The 
photopic study followed 8 minutes of light 
adaptation to a 20 “oot-lambert back- 
ground. The oscillatory potentials (OPs) 
were isolated from the higher-intensity 
white light series by dagital filtration (100 
to 1000 Hz band pass). The amplitudes and _ 
implicit times of the preminenttroughsand — 
peaks were determined by a computer pro- 
gram with operator override on placement 
of cursors. We used the nomenclature for 
naming the OPs that identifies the first four 
sizable OPs in normal subjects as OP,, OP, 
OP, and OP, Ai] vacues were compared 
with either pooled sormal data or, for those — 
measures that are age dependent, age-ad- 
justed normal values.” BE 

The ERG for our patent with Aland dis- 
ease and Xp21 deletion was compared with 
that from a 12-year-old boy (the proband) 
from a large rmultigeneration family 
(Family # R006) with typical X-linked com- 
plete CSNB and with taat from a 17-year- 
old normal male. The designation as com- — 
plete CSNB was basec on absence of rod _ 
ERG, no rod psychophysical thresholds on _ 
dark adaptometry, my#pia, and character- _ 
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this male with complete CSNB was 20/40 
_ OD and 20/30— OS with ~4.254+2.75 axis 


170° OD and ~4.25+3,25 axis 170° OS. Dark 
- „adaptometry showed a monophasic curve 
-- with no dark adaptation after the first 3 to 
< Aminates following cessation of the bleach- 
‘ing light and 30-minute retinal thresholds 
_ that were elevated 3.8 log units above nor- 
Mal for each eye. 


RESULTS 


-. Figures 4 and 5 depict ERG wave- 
forms (right and left eyes averaged to- 
gether) for our patient with Aland 
disease, for the 12-year-old boy with 
~ X-linked complete CSNB, and for the 
-normal subject. The ERG responses 
_ were nearly identical for each eye of 
each of the three subjects. The mea- 
irements of these ERG responses, 
listed in Tables 2 through 4, are aver- 
zes of the two eyes. For both the pa- 
ent with Aland disease and the sub- 
Jeet with complete CSNB, the scotopic 
 a@-wave amplitudes were normal, 
_ whereas the corneal positive peak sco- 
_ topic b-wave amplitudes were severely 
< subnormal. Thus, both ERGs showed a 
negative configuration. ; 
= For our patient with Aland disease, 
> although the positive response or 
-p wave with the I-16 intensity blue 
light stimulus could be considered the 
slow return to baseline from a super- 
normal a wave, a small rod b-wave re- 
. Sponse can be clearly seen with the I-4 
_ Intensity blue light stimulus (Fig 4). 
Stimulation with red light and the 
_ higher-intensity white light series 
-` produced OPs that were subnormal in 
-amplitude but clearly determinable. 
The photopic a-wave amplitudes were 
supernormal for our patient, but the 
_ photopic b-wave amplitudes were sub- 
normal. The 30-Hz flicker responses 
-were mildly prolonged and showed the 
- double-shouldered, notched b wave de- 
< seribed by Miyake et al”? as character- 
- istie of incomplete CSNB. 
© For the subject with complete 
= CSNB, no discernible rod-mediated b 
<- Wave was seen. With red light stimuli 
~ and the higher-intensity white light 
series, only minimal OPs were elicited. 
The photopic a-wave amplitudes were 
- normal and the photopic b-wave am- 
_ plitudes were low normal. The 30-Hz 
flicker responses showed only a single 
-= positive waveform component. 
-< Although the amplitudes were sub- 
- normal and the individual peak im- 
-plicit times were mildly prolonged, all 
s of the scotopic OPs were present 
normal in configuration for our 
nt with Aland disease (Fig 5 and 
~ Table 4). In contrast, scotopic oscilla- 
< tions for the patient with complete 





























“istic loss of ERG OPs. The visual acuity for | 
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Fig 1.— This diagram of the X 


Pa 
— X9 





STS and OA1 
Xp21 Deletion 
DXS85(782) 


DXS9(RC8) Aland Disease 


AHC (Xp21.3-21.2) 


Low 


GK (Xp21,3-2 1.2) 


DMD (Xp2 1.2) 


-— TIMP 


chromosome shows the location and relative size of the deletion 


in our patient with Aland disease, congenital adrenal hypoplasia (AHC), glycerol kinase (GK) de- 
ficiency, and Duchenne muscular dystrophy (DMD). The regional assignments for the latter three 


disorders are given in parentheses. The precise break 


are uncertain. Aiso shown are 
morphisms DXS85, DXS9, DXS206, DXS7, a 
(OA1), steroid sulfatase (STS), 


points of the deleted segment in the patient 


the regional localizations for the restriction fragment length poly- 


nd DXS255, and the gene loci for ocular albinism 


the Xg blood group (Xg), ornithine transcarbamylase (OTC), and 


tissue inhibitor of metalloproteinase (TIMP). For the restriction fragment length polymorphisms, the 


probe used to define this locus is 


CSNB were only minimally present. 
The photopic OPs were subnormal and 
abnormal in configuration in both pa- 
tients. The second and third OPs, OP, 
and OP,, were low and absent, respect- 
tively, in the subject with complete 
CSNB, and present but very subnormal 
in our patient. The fourth OP, OP, 


which contributes most to. the b-wave 


amplitude” and which corresponds to 
the rapid off response,'*"! wag low nor- 
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indicated in parentheses (adapted from ISCN’5), 


mal in the patient with complete CSNB 
and was subnormal in our patient with 
Aland disease. 

COMMENT 


McKusick'??!?12 ligts two forms of | 


X-linked ocular albinism, Nettleship- = 


Falls ocular albinism (MIM 30050, as- 
signed the gene symbol OA1) and For- 
sius-Eriksson ocular albinism, also 
called Aland disease (MIM 30060, as- 


Aland Disease-——Weleber et al 








Fig 2.—Left, External appearance of the right eye of our patient showing blue iri 





s. Right, Iris transillumine- 


tion (composite of both halves of a stereoscopic photograph). Note the outline of the edge of the lens visibe 
through iris. The left eye was identical in appearance. 





Fig 3.—Left, Fundus appearance of the right eye of our patient. Right, Left fundus. Note marked hyporig- 


mentation with prominent choroidal vasculatur 


e visible around the optic disc. The macular regions and 3e- 


ripheral retina appeared more pigmented. Note also that the macula in each eye appears hypoplastic with 


no discernible fovea. 


signed the gene symbol OA2). Nettle- 
ship-Falls ocular albinism was first 
described by Nettleship® in 1909 and 
was characterized clinically by Falls” 
in 1951. This form of ocular albinism is 
eharacterized by nystagmus, reduced 
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visual acuity, iris and fundus transil- 
lumination, macular hypoplasia, mod- 
erate to high myopia, and either a nor- 
mal or supernormal ERG.’ Because 
X-chromosomal inactivation results in 
retinal mosaicism of expression of ei- 


ther the paternal om maternal X chro- 
mosome in pigmert epithelium, car- 
rier women shew a distinctive fundus 
pattern of alternat:ng patches of nor- 
mal and hypopigmented retina. 
Fialkow et al?’ in 3967 found measur- 
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© “group maps to Xp22.3 (Fig 1).” O’Don- 
nell et al’ in 1976 reported macromel- 
< anosomes in skin biopsy specimens 
= -from affected males and carrier 
women. Creel et al” in 1978, using vi- 
sual evoked cortical potentials, showed 
t patients with OA1 had typical al- 
ino misrouting of visual pathways. 
~~ In 1985, Kidd et al” found close link- 
_age of OA1 with a restriction fragment 
linkage polymorphism called DXS85, 
hich also maps to band Xp22.3 (Fig 
ree cytologically normal male 
srothers were recently described 
ocular albinism, ichthyosis, and 
etion of steroid sulfatase on South- 
'n blot, indicating a heritable submi- 
croscopic deletion.’ The mother 
_. showed typical carrier fundus findings 
-> for ocular albinism. Since steroid sul- 
-= fatase is located in band Xp22.32, this 
_ family provides strong evidence that 
_» the gene for OA1 is near the terminus 
of the short arm of the X chromo- 
ome 
X-Linked juvenile retinoschisis is 
closely linked to DXS9 (RC8), which is 
located in Xp22.3-p22.2 (Fig 1).4 Mul- 
tipoint linkage analysis of 31 families 
with X-linked retinoschisis suggests 
_. that the disorder is located between 
-< DXS41 (located in Xp22.1) and DXS43 
(located in Xp22.2), close to DXS43.%* 
‘Since these loci are all distal to the de- 
letion region in our patient and since 
our. patient did not have peripheral or 
foveal’ retinoschisis, we can confi- 
dently exclude juvenile retinoschisis 
-as the cause of our patient’s negative 
Although some authors" do not 
=- consider Aland disease a true form of 
ocular albinism, the inclusion of Aland 
-> disease in this category is maintained 
-iñ major references on albinism” and 
< genetic eye disease.” Aland Island dis- 
ease was first reported in 1964 among 
< -Norwegian descendants living on the 
- Aland Islands in the Sea of Bothnia.'*"' 
Affected males had reduced visual acu- 
ty, nystagmus, foveal hypoplasia, my- 
ia, astigmatism, progressive dy- 
omatopsia, defective dark adapta- 
and iris and fundus hypopig- 
tion. In 1967, Waardenburg et 
viewed the features present in 10 
affected males, 7 to 54 years of age, and 
from the original pedigree 
id Eriksson. Visual acuity 
ed males ranged from 20/45 to 
0/400. Myopia varied from ~1.50 to 
~19 diopters (D), with regular astig- 



















































ation fraction, @= 0.17). 

in 1971 presented evi- 
recombination fraction- | 
t the time, the Xg blood 
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Fig 4.—-Electroretinograms for the patient with Aland disease, a 
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12-year-old boy with X-linked 
(CSNB), and a 17-year-old normal boy for compar- 


ison. To act as a vertical calibration scale, the stimulus spikes for the 30-Hz flicker, photopic, and 
scotopic electroretinographic tracings have been set at 50, 50, and 75 uV for the patient with Aland 
disease and at 75, 75, and 100 aV for the patient with complete CSNB and the normal subject. 
The 30-Hz flicker responses for the patient with Aland disease were significantly prolonged in im- 
plicit time and, although somewhat obscured by the injected stimulus spike, showed the double- 
shouldered or notched b wave found by Miyake et al’? to be characteristic of incomplete CSNB. 


matism of between 1.25 and 7.00 D. Iris 
transillumination was  equivocally 
present in 3 and absent in 5 males ex- 
amined. Witkop et al,” in their review 
of the various types of albinism, list 
the irides for Aland disease as diaph- 
anous in affected males and normal in 
carrier women. Unlike the diffusely 
hypopigmented fundus appearance in 
males with Nettleship-Falls ocular al- 
binism, the hypopigmertation in 
Aland disease varied in different areas 
of the fundus and was mostly limited 
to the posterior pole.’ Female carriers 
demonstrated mild color vision defects 
and fine nystagmus but did not dem- 
onstrate the characteristic mosaic 
fundus pattern seen with Nettleship- 
Falls ocular albinism.” Except for a 
mild increase of axial myopia in older 
individuals, Aland disease is a nonpro- 
gressive disorder. 

In 1968, Elenius et al” reported sub- 
normal but present rod ERG, negative 
scotopic ERG to bright white light 


flashes, and absent ERG response to 


35-Hz flicker in two patients with 
Aland disease. The final 50-minute 
dark adaptation rod psychophysical 
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threshold was elevated 1 to 1.5 log 
units above normal. Race and Sanger® 
in 1968 found loose linkage with Xg 
(recombination fraction, 0.12), but the 
confidence limits were wide. O’Donnel! 
et al” in 1980 found that, distinct from 
the Nettleship-Falls type, neither af- 
fected patients with nor carrier 
women of Aland disease demonstrated 
macromelanosomes on skin biopsy; 
van Dorp et al found no albino mis- 
routing on visual evoked cortical re- 
sponse testing for patients with Aland 
disease, leading them to conclude that 
Aland disease was not a true form of 
ocular albinism. 

Krill” first suggested that Aland 
disease might be a form of CSNB; 
however, at that time only one form of 
X-linked CSNB was known. Although 
earlier writers described families that 
may have represented X-linked CSNB 
with myopia, the earliest indisputable 
reports were by Morton in 1893" and 
Nettleship in 1909% and 1912. 

In 1986, Miyake et al’ described a 
new classification of CSNB into com- 
plete and incomplete forms. Their ini- 
tial separation of the two types was 
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dlely on the basis of the pres- 
-absenee of a rod ERG and psy- 
sical dark adaptation in 64 pa- 
Che eemplete form of CSNB (of 
eae were 35 patients) ap- 

ti eal to what others have 






M “310509. Hep1358) "These patients 
~-|aeked rod function entirely and had 
firal dark adaptation thresholds that 
were2.ë to 3.5 log units elevated above 
A second group (20 patients), 
ondition termed incomplete 
_ had demonstrable rod ERGs 
nal dark adaptation thresholds 
rare legs elevated (0.8 to 1.7 log 
wove n mormal) than those for the 
e tyre, indicating some resid- 
] psyei wöphysical function. Nine 
ts were unclassifiable. Thirty of 
he 35 patients with complete CSNB 
were male, whereas all of the patients 
aith incompiete CSNB were male. Six 
of the complete CSNB pedigrees were 
“probably X-linked; four pedigrees of 
the incomplete type were X-linked. No 
- pedigrees demonstrated both a com- 
_. plete and ineomplete type in the same 

family. All subjects of the complete 
-< CENB type were myopes of mild to se- 
-yere degree; none were hyperopic. Re- 
_ fractive status for patients with in- 
complete CSNB ranged from moderate 
 kyperapia « ca moderately severe myo- 
pa 
Theamplitude of the photopic ERG 
and the 30-Hz flicker responses were 
significantly lower for the patients 
with incomplete than for those with 
complete CSNB. The photopic ERG 
oe were further separated into 
nm’ and “oif” responses using square- 

ee stimaii of varying duration.’*” 
-Although the positive on response 
~ (which appears to contribute to OP, 
OP, xa lesser degree, OP, of the 
shotopic ERG**) was decreased in 
oth types. the rapid off response 
hich contributes mainly to OP, or 
3 uaa! ‘component of the b wave) 






























yabsiormal in the incomplete type. t®” 
- Sinceithe rapid off response is believed 

te refiect the decay of the late photore- 
a aie potential,“ these findings sug- 
-gest that the putative defect in neuro- 
ransmission in complete CSNB lies 
proximal to the photoreceptors, 
'hereas the defect in incomplete 
CSNE may reside within the cones 
ono ube emselves: 

This difference in the site of disease 
yy ander lie the variable results that 
tigators have found examining 
one interactions in CSNB. Rod- 
flicker interaction has been re- 
“as rormal®”’ and absent**® in 
: ts with CSNB. Although rod- 
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Fig 5.—Oscillatory potentials (OPs) and dark-adapted cone- -mediated responses (red light elec- 
troretinogram minus blue light electroretinogram) for the patient with Aland disease, a 12- -year-old 
boy with X-linked complete congenital stationary night blindness (CSNE), and a 17-year-old nor- 
mal boy for comparison. To act as a vertical calibration scale, the stimulus spikes forthe OPsand = 
dark-adapted cone electroretinographic tracings have been set at 25 and 75 uV for the patient 
with Aland disease and at 50 and 100 „V for the patient with X-linked complete CSNB. andthe nor- = 
mal subject. The OPs are numbered according to criteria defined in the “Subjects and Methods” S 
section. The status of some OPs picked by the computer, such as photopic OP, tor the patient P 
with X-linked complete CSNB, are doubtful as representing other than the adge of the n gative 

a-wave trough that follows. Note that for the patient with Aland disease, photopic OP, i subnor- 

mal, but OP, is more prominent than normal. The four major scotopic OPs are subnormal but present 

for the patient with Aland disease, whereas the scotopic OPs are profaundly subnormal or unde- 
tectable for the patient with X-linked complete CSNB. Note also the more intact oscillatio iS for the DER 
dark-adapted cone responses tor the patient with Aland disease compared with the pal jt with ees 
X-linked complete CSNB. nea CBee | 















Biue and Redt Bright Light 
Scotopic 
Rod Cone b-Wave 30-Hz Flicker§ 
b-Wave b-Wave a-Wave — mmen eee, 
Amplitude, Amplitude, Amplitude, Amplitude, implicit Amplitude, Implicit 
Time, ms Time, ms 


Complete i 


465 +64 195 +55 314 +52 652 +69 4962+ %8 210 t 28 28.8 x any E 


ting of 16).” 
+The stimulus intensity for the scotopic bright-light a and b waves was 0.16 logt toot- lambert second, 
§Photostimulator intensity 8 was used for 30-Hz flicker responses. ae 
Age-adjusted normal values were used for responses that show significant decrease with age. i 
scotopic rod b wave, mixed bright light cone-rod b wave, and 30-Hz flicker b wave were comparec with a age- o 
adjusted normal values; the scotopic bright light a wave and the implicit times were compared with hge-pooled B 
data. . 
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cone flicker interaction was normal, 
Alexander et al” reported absence of 


= rod-cone hue interaction in their pa- 


_ tients with CSNB. We believe that the 
~ Males reported to have normal rod- 
-~ cone flicker interaction may represent 
: -complete CSNB. Although other forms 

of CSNB, such as the autosomal reces- 
sive form, cannot be excluded, the 
- males described as having absent rod- 


- 2 cone flicker interaction may represent 
- ~ Incomplete CSNB. 


_ _ With very brief flashes, as used in 
- the present study, the on and off ERG 


< responses are integrated or summed 


~ together to form the photopic ERG. 

The fact that patients with complete 
_ CSNB have subnormal or absent on 
_. responses but normal off responses ex- 
_ plains why these patients have the 
. typical loss of OPs on the rising slope 
- of the photopic b wave but may 









Normal, mean + SD 48 + 10 


tFlash intensity was 0.16 log foot-lambert-second. 


Photopic Single F lasht 


Aemene nenanem, granaran raare, 
a-Wave b-Wave b-Wave b-Wave b-Wave 
Amplitude, Amplitude, Implicit Amplitude, implicit 
uV§ uv Time, ms av Time, ms 
Aland disease = 89 ___ 89 34.0 74 35.9 
Complete CSNB 43 149 30.5 71 25.2 





263 + 50 
*CSNB indicates congenital stationary night blindness. 


have b-wave amplitudes that are 
sizable, although oftem subnormal, 
especially at higher stimulus inten- 
sities.”*“ Since patients with incom- 
plete CSNB have subnormal ampli- 
tudes of both on and eff responses, 
their b-wave amplitudes would be ex- 
pected to be less preserved than those 
for patients with complete CSNB. The 
b wave implicit times appeared normal 
or only mildly prolonged in reported 
series of what probably represented 
complete CSNB. 

Visual acuity did not differ between 
complete and incomplete CSNB groups 
(mean decimal acuities of 0.42 and 0.41, 
respectively ). Color vision defects were 
found in 3 of 8 patients with incom- 
plete CSNB and 7 of 25 patients with 
complete CSNB, but 1 of the complete 
group had deuteranomaly unassoci- 
ated with the CSNB.’ Ali 20 patients 












30-Hz Flickert 





























283+12 140+ 33 250415 














$Flash intensity was photostimulator intensity setting 8. 
§Age-adjusted normal values were used only for responses that show Strong age effects.*' Thus, photopic 
b wave and 30-Hz flicker b wave were compared with age-adjusted normal values, whereas alkother responses 


were compared with age-pooled normal data. 


Amplitude, 
Stimulus, Patient uV 









Aland disease a 9.8 
Complete CSNB 
Normal, mean + 


69.1 + 23.5 












Aland disease 
Complete CSNB 2.1 
Normal, mean + SD 






_ Aland disease 
-f -Complete CSNB 1.5 
_. Normal, mean + SD 


= "We used the nomenclature for numbering the oscillatory potential 


= are called OP,, OP,, OP.. and OP,. Boldface values represent major 


< tionary night blindness {CSNB). 
“o>. +The Wavelet index is the sum of these four OPs. 


itis doubtful t 


` noisë of the system. 


implicit 
Time, ms 





Aland disease 11.8 22.6 26.0 30.3 290 
Complete CSNB 10.1 22.5 1.2 29.1 2.4 
ee eee 


Normal, mean + SD 


8.1 25.2 
53.1 + 17.4 20.1+ 0.6 57.1 + 286 275+ 1.0 572% 


5.6 28.6 
28.5 
35.7 + 11.0 22.9 + 10 307+ 149 3012 


Amplitude, implicit Amplitude, 
nv | Time, ms aV = 


33.6 
62.6 


61 261 










10.5 35.8 10.8 
3.0 35.4 62 


a hat this measurement, which was made by the computer program, is other than the edge of 
~~. §Normal mean + SD values for OPs were calculated from pooled data on 20 contro! subjecta without ocular 
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implicit 
Time, ms 






(316 
E ae 30.5 
6 +138 236208 80.7 +28.1 30.416 7.1+25 408419 


22.3 33.9 + 1.1 


41.9 
1.9 35.6 = 15.8 36.5 + 1.9 2954+ 11.6 43.8 + 2.2 


s (OPs) described by Weleber and Eisner” and Lachapelle et al. Thus, the first four large OPs 
differences between the patient with Aland disease and the patient with complete congenital sta- 


with incomplete CSNB were male. Of 
the 35 patients with complete CSNB, 5 
were female, suggesting that some pa- 


tients with autosomal recessive CSNB 


might be within this group. 


In the articles by Miyake et al?! | 


OPs similar to those seen with our pa- 
tient were almost always present in 
the scotopic ERG tracings of the in- 
complete type of CSNB in response to 
bright light flashes. Such OPs were 
very rarely discernible in the scotopic 
ERG tracings of the patients with 
complete CSNB. 

A recent report by Khouri et al’ de- 
scribes a family that probably repre- 
sents incomplete CSNB. Although the 
authors considered one of the patients 
to have complete CSNB on the basis of 
myopia and relative lack of OPs, this 
individual had detectable dark- 
adapted rod psychophysical thresh- 
olds and an arguably present rod ERG, 
suggesting that this patient’s disorder 
may, indeed, be of the incomplete type. 

Based on the markedly abnormal 
photopic ERG, the negative scotopic 
ERG, and the clinical findings of ocu- 
lar hypopigmentation, nystagmus, and 
foveal hypoplasia, we believe that our 
patient has Aland disease. Moreover, 
from what is described in the litera- 
ture, this disorder appears similar, if 
not identical, to what Miyake et al call 
incomplete CSNB. Our patient showed 
all of the ERG findings reported in 
Aland disease by Elenius et al”? except 
for the apparent absence of the rapid 
flicker response. However, Elenius et 


OP, 


Amplitude, Implicit Wavelet index,t+ 


HV __ Time, ms æv 





69.0 
94.6 
150.4 + 49.0 


204 414 


6.6 40.5 








36.3 2.0 41.8 15.4 
18.4206 96.4 + 29.7 249+08 68.0 + 21.1 31.8 + 0.8 | 24.9 + 10.6 40.0 1.8 258.4 + 74.8 
4.2 33.4 6.8 38.3 14.4 47.8 24.5 


26.4 + 12.4 42.2 + 2.3 


193.8 + 66.0 







9.0 49.8 
9.0 52.4 


35.8 
19.7 
127.3 + 44.4 


the negative trough that precedes OP, 
disease. Amplitudes under 5 uV in most cases represent 


Aland Disease—Weleber et a! 





“ti, 





: scordédl 35-Ez flicker ERG re- 
‘spe onses after complete dark adapta- 
: tien, and the resolution of the record- 
ing systera was not well described. 
“Miyake etal! have reported that, if 
‘the responses were recorded just after 
the lights were turned on after pro- 
longed dark. adaptation, the 30-Hz 
flicker ERG response against a pho- 
topic background was severely subnor- 
mal or even rondetectable for patients 
with incomplete CSNB. With further 
: light adaptation, the amplitude of the 
| 80-Hz flicker response grew markedly 
te reach a maximum after 10 to 15 
‘minutes. Thus, had they light adapted 
1 eir patients with Åland disease ade- 
quately, Elerius et al might have de- 
sted a z flicker response. Our 
ERG amalie and technique differed 
in partie tial ways from those of Ele- 
niw et al and Mivake et al (for exam- 
ple, they koth used an equal-duration 
square- wave stimulus for the 35- and 
30-Hz flicker, whereas we used a pho- 
tostimulator that produces flashes of 
iC-as duraticn). However, even with 
the differences in technique, the ERG 
for our patient with Aland disease 
showed allof the features described in 
incomplete CSNB. The use of the 60-Hz 
neteh filter will reduce the amplitude 
of the ERG bewave (by up to 30% ) and 
OP, (by apto 40%4 but does not signif- 
icantly alter the peak times of the a or 
b wave, or the amplitudes or timing of 
OP, or OP, Altheugh the 60-Hz notch 
filter may nave contributed to the low 
amplitude of OP, for our patient with 
Alend disease, we do not believe that 
its ase mater’ ally affects the basic in- 
terpretation ef our results. 

An early or transitional form of re- 
tinitis pigmentosa may extremely 
rarely produce a negative ERG similar 
to CSNB.'* Because all the features of 
our patien?’s evaluation are more con- 
sistent with CSNB, specifically with 
Aland disease, we do not believe that 

he has trans: ‘tional retinitis pigmen- 
tosa. Moreover, there is no published 
evidence suggesting that a locus for 
retinitis pigmentosa resides in the re- 
gien of the X chromosome deleted in 
our patiert. Deletion of Xp21 has 
been reportes associated with DMD, 
MeLeod’s syndrome, chronic granulo- 
matous disease, and retinitis pigmen- 
tosa.” However, the deletion in this 
patient begins within the DMD locus 
and extends proximally toward the 
centromere, with the gene for retinitis 
pigmentosa beliewed to be located in 
the most proximal region of the de- 
jeted region. The missing segment in 
: atient. on aE hand, extends 














































T How i is it fies a Torm of CSNB could 
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be mistaken for a disorder originally 
described as a form of ocular albinism? 
Neither the original article by Miyake 
et al? nor the more recent reports'®” 
discuss or reference Forsius-Eriksson 
ocular albinism or Aland disease, and 
probably the authors were not aware 
of this entity when they proposed their 
new classification. Universally ac- 
cepted cases of Aland disease have 
previously only been reported in Aland 
Island inhabitants. The ocular hypo- 
pigmentation seen in Aland Island 
disease is highly variable. Although 
fundus and iris hypopigmentation can 
both occur in Aland disease, not all 
patients demonstrate these fea- 
tures. Ocular hypopigmentation 
in Aland disease may be variably ex- 
pressed in different races depending on 
skin pigmentation. Thus, the patients 
of Miyake et al, who were presumably 
of Japanese descent, may have failed to 
demonstrate iris or fundus hypopig- 
mentation. Even in established cases 
of Nettleship-Falls ocular albinism, 
the ocular hypopigmentation in darkly 
pigmented individuals can be ex- 
tremely variable or even absent.” 
Light-skinned patients with Nettle- 
ship-Falls ocular albinism character- 
istically show diffuse iris transillumi- 
nation and fundus hypopigmentation 
that is not limited predominantly to 
the posterior pole, as has been de- 
scribed by Waardenburg,” Forsius and 
Eriksson,'*'’ and van Dorp et al'** for 
patients with Aland disease. The ab- 
sence of ocular hypopigmentation in 
many cases may have led to the failure 
of previous authors to consider Aland 
disease in cases of incomplete CSNB. 

We agree with previous au- 
thors!“ that Aland disease is not a 
true form of ocular albinism. Since oc- 
ular hypopigmentation is variable, 
macromelanosomes or immature mel- 
anosomes are not seen on skin biopsy, 
and albino misrouting is not present in 
Aland disease, classification of this 
disorder as a form of ocular albinism 
cannot continue to be supported. Be- 
cause of these considerations, the re- 
ported defect in dark adaptation, and 
the negative ERG waveforms, we be- 
lieve that Aland disease should be re- 
classified as an incomplete form of 
CSNB with variably expressed ocular 
hypopigmentation. 

Linkage evidence strongly supports 
that the gene for at least one form of 
CSNB resides on the short arm of the 
X chromosome in or close to Xpll. 
Seven of eight families with CSNB and 
myopia that probably represent com- 
plete CSNB demonstrated strong, 
close linkage with marker DXS7 and 
strong but looser linkage with tissue 





inhibitor of metal-oproteinase (TIMP) 
and DXS255, all of which are in the 
Xp11 region (Fig _).“ The eighth fam- 
ily (which is the family described by 
Khouri et al wita hyperopic affected 
males) may rezresent incomplete 
CSNB. This family showed close link- 
age to markers in both the Xp21 (orni- 
thine transcarbamylase [OTC] and 
DXS206) and Xpl1 (TEMP and DXS255) 
regions." Linkage evidence thus sug- 
gests that complete CSNB, which 
Musarella et al“ call ©SNBI, is located 
onthe short arm of the X chromosome in 
or close to Xp11, and our patient’s dele- 
tion indicates thet a second form of 
CSNB, Aland diszase, which we call 
CSNB2, is in region X21. 

Additional clirica., electrophysio- 
logical, and linkage studies on families 
with well-characterized incomplete 
CSNB and on the criginal Aland Island 
family will provide important infor- 
mation on the dis-inetiveness or iden- 
tical nature of these disorders. We en- 
courage investigatorsito examine care- 
fully cases of ineonmplete CSNB for 
evidence of ocula? hypopigmentation 
and cases of Aland disease electro- 
physiologically and psychophysiologi- 
cally for findings reported in incom- 
plete CSNB. If incomplete CSNB is 
found to be identieal to Aland disease, 
we suggest use of either the term 
Forsius-Eriksson-Mivake incomplete 
CSNB or simply Alard disease to pre- 
serve continuity with previous classi- 
fication systems and im honor of those 
who originally described the disorders. 
We further suggest that the gene sym- 
bol for Aland disease be changed from 
OA2 to CSNB2. The gene symbol OA2 
should then be rezired. 

_ Finally, why is it important that 
Aland disease is a ‘orm of CSNB? 
Neurotransmissio1 from photorecep- 
tors to bipolar cel s is presumably de- 
ficient in all forms of CSNB, but the 
precise nature of the defect is unknown 

and may differ in the different types. — 
The understanding of Aland disease at 
the molecular levei promises to give us 
new insights into “mportant classes of 
neurotransmissiom operative in the 
retina. The final word on whether 
Aland disease and incomplete CSNB 
are in truth the same disease must 
await analysis of the basic underlying 
genetic defect at -he molecular level. 
However, the finding of this affected 
child with Aland disease and a deleted 
segment of the E chremosome aids 
greatly in this quest. Other children 
with lesser deletions ef Xp21 have been 
found with glycerel kinase deficiency, 
congenital adrenal Lypoplasia, and 
DMD but without Aland disease. Mo- 
lecular probes caz be generated for 
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DNA sequences that reside in the por- 
tion of the deletion that contains the 
Aland disease gene. Chromosomal 
walking or jumping techniques can be 
_ applied to develop further probes 
_ closer to the gene. Eventually, the seg- 
ment of DNA that contains the gene 
itself can be isolated, cloned, and se- 


a quenced and the gene product identi- 


fied. Such a “reverse genetics” ap- 


-proach has already been successful in 


< isolating and cloning the genes for 
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chronic granulomatous disease® and 


DMD* and will be useful for other oc- 
ular disorders found in association 
with deletions, such as X-linked retini- 
tis pigmentosa, choroideremia, Nor- 
rie’s disease, and now Aland Island 
disease. The finding of these patients 
with chromosomal deletions and rare 
diseases is as important for the search 
for the gene as was the discovery of the 
Rosetta stone to the deciphering of 
ancient Egyptian hieroglyphics. 
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= © Trichiasis secondary to trachoma was 
treated in 137 eyelids from 64 patients in 
Saudi Arabia. Cryotherapy with high-flow 
nitrous oxide was applied to the lid margin 
for 45 seconds in a freeze-thaw-freeze cy- 
le. The success rate of treated eyelids 
= was 56% after one treatment and in- 
ee ‘creased to 90% after a second treatment. 
=o Hypopigmentation of the highly pigmented 
eyelids of the Saudi population was our 
¿most significant complication (8% of 
_ treated lids). Because cryotherapy is por- 
table and cost-effective and can be ad- 
- ministered by paramedical personnel, it is 
ideal for use in regions where trachoma is 
endemic. 
(Arch Ophthaimoi. 
1182) 


1989; 107:1180- 


Trachoma remains a major cause of 
-..“* visual impairment in developing 
= countries. Endemic regions of North- 
ern Africa, Southeast Asia, and the 
-= Middle East account for most of the 2 
=. million patients blinded from severe 
disease.' Trichiasis, a late sequelae of 
hronic trachoma, is one of the princi- 
yal causes of visual impairment. 
łe choice of procedures in the 
tment of trichiasis includes surgi- 
onsurgical methods.** Surgi- 
perations include microscopic 
h dissection and lid-splitting 
rocedures.’* However, the equipment, 


terile supplies, and surgical expertise 


































ecessary for surgery are often un- 
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Cryotherapy for Trichiasis in Trachoma 


_ Charles D. Rice, MD; Robert C. Kersten, MD; Selwa Al-Hazzaa, MD 


available in regions where trachoma is 
endemic. Nonsurgical treatments in- 
clude epilation, hyfrecation, and cryo- 
therapy. Cryotherapy is an ideal treat- 
ment choice for trachomatous patients 
since it is portable and cost-effective 
and can be used by paramedical 
personnel.’ We report a series of tra- 
chomatous patients with trichiasis 
treated with cryotherapy. 


SUBJECTS AND METHODS 


We studied a consecutive group of 64 pa- 
tients with trichiasis secondary to tra- 
choma at the King Khaled Eye Specialist 
Hospital in Riyadh, Saudi Arabia. We per- 
formed a complete ocular examination with 
determination of the principal cause of de- 
creased visual acuity. The severity of tri- 
chiasis was determined both by the number 
of lids involved and the width of trichiasis 
per individual lid. The extent of trichiasis 
for each lid was divided into five categories: 
one fifth or less, one fourth, one third, one 
half, or full involvement. Only patients 
with trichiasis in whom lid position was 
normal or with minimal entropion were 
treated with cryotherapy. Those with mod- 
erate or marked cicatricial entropion were 
managed with surgery. 

We treated trichiasis with a high-flow, 
nitrous oxide-cocled cryoprobe (Cryo- 
medics MT 650) with interchangeable tips 
(4X6 and 7X10 mm). Before treatment, 
we instilled tetracaine hydrochloride drops 
onto the eye and infiltrated 2% lidocaine 
(Xylocaine) hydrochloride with 1:100000 
epinephrine subcutaneously. A plastic eye 
shield was used to protect the globe during 
treatment applications. We delivered cryo- 
therapy to the lid margin for 45 seconds, 
allowed for visible thawing, and readmin- 
istered cryotherapy for another 45 seconds. 

The aberrant eyelashes were removed 
immediately after treatment. An ointment 
containing dexamethasone, neomycin sul- 


fate, and polymyxin B sulfate (Maxitrol) 
was applied to the treatment site. Patients 
were instructed to use ice paeks for 1 to 2 


days following treatment and to apply the 





ointment to the eyelid nightly for 1 week. 
Patients were evaluated at 1, 6, 12, and 24 
weeks following treatment. Subsequent ex- 
aminations were yearly. The earliest treat- 
ment for recurrences was 6 weeks following 
initial cryotherapy. 

Student's ¢ test and x? analysis were used 
for statistical analysis. 


RESULTS 


A total of 64 patients (137 eyelids) 
were studied. The 41 women and 23 
men had 96 and 41 eyelids involved, 
respectively. Women had a mean age 
of 55 years (range, 35 to 95 years), and 
men had a mean age of 57 years (range, 
18 to 75 years). We treated 97 upper 
lids and 40 lower lids. Forty-four 
(69% ) of 64 patients had multiple eye- 
lid involvement. Bilateral upper lid, 
single upper lid, and all four lids were 
the most frequent presentations. Table 
1 shows the various eyelid combina- 
tions with trichiasis. 

Visual impairment of 20/100 or 
worse secondary to corneal scarring 
was present in 71 (68% ) of 104 involved 
eyes. Two of the 71 patients had a cor- 
neal transplant prior to cryotherapy. 

We determined the severity of tri- 
chiasis based on the number of lids in- 


volved per patient and width of tri- 


chiasis per lid. The number of lids in- 
volved per patient was significantly 
higher in women (P = .036). The mean 
number of lids involved per patient 
was 1.8 in men and 2.3 in women. 
Table 2 lists the number of lids based 
on the width of trichiasis. Approxi- 
mately half of the eyelids had one third 
or more of the lid affected by trichiasis. 
The total width was affected in 17% of 


cases. The width of trichiasis per lid 


was higher in men (P = .06). 

_The success rate was 56% (78/137) 
after one treatment and increased to 
90% (124/187) after two treatments. 


(Trichiasis in Trachoma—Rice et al 
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64 (100) 
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Width of Gd No. (%) of 
Involvement Lids 
T 23 (16) 


19 (13) 
30 (22) 
45 (33) 
22 (16) 
137 (100) 


The interval from the first treatment 
te the last follow-up ranged from 3 to 
32 months, with a mean of 16 months. 
In patients wita recurrences, the in- 
terval from second treatment to the 
lest fellow-up was 3 to 30 months,with 
a mean of 15 months. The interval 
from the first treatment to re-treat- 
mentranged from 1 to 10 months, with 
a mean of 4 months. 

Table 3 is a life-table describing the 
© gumber of eyelids with recurrent tri- 
chiasis after a single treatment. The 
third column, “Eyelids at Risk,” rep- 
resents am effective sample size for 
each interval after adjustment for 
withdrawals. The conditional failure 
rate is the probability of recurrence at 
the beginning of each interval. The 
conditional’ failure rate is approxi- 
mately 0.06 for the first 9 months after 
treatment and declines to 0.03 at the 9- 
to 12-month interval. According to our 
data, the risk for developing recur- 
rent trichiasis after 12 months is 
< gero. 

¿oo We compared the success rates of 
-> different groups based on severity of 
trichiasis. After a single treatment, 
_ the success rate was 57% in those with 
c one third or less involvement, 45% in 
- those with half lid involvement, and 
oo 61% in those avith total lid involve- 
ment. These differences were not sta- 
< tistieally significant by x’ analysis. 
<> An entropion repair had been per- 
formed within’ to 12 months of ecryo- 
therapy in 11 eyes. None of these de- 
. weloped a recurrence of the entropion. 
After reeovery, the patients were 
ulaated for complications of hypo- 
mentation, excess edema, entropi- 
nd lid notehing. There was a total 
cation rate of 9.5% (13/137 eye- 
hypepigmentation occurred in 12 
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Eyelids With 
Trichiasis 
22 


Follow-up 
Interval, mo 


eyelids (8.7%), and lid notching o€- 
curred in 1 eyelid (0.7%). All compli- 
cations occurred after the initial treat- 
ment and were not worsened by a sec- 
ond treatment. 


COMMENT 


Trichiasis is one of the principal 
causes of visual impairment in 
trachoma.'2*"*!7 Most patients have se- 
vere inactive disease and live in devel- 
oping countries, where access to med- 
ical care is limited. Although surgical 
methods for lash ablation are effec- 
tive, more practical treatment meth- 
ods may be desirable in remote regions 
where trachoma is endemic. Cryother- 
apy, a proved effective treatment for 
trichiasis, is an ideal choice since it is 
cost-effective and portable and re- 
quires minimal sterile supplies.”” 

Reports of cryotherapy in the treat- 
ment of trichiasis have come from de- 
veloped countries.*'* In these studies, 
trichiasis is rarely secondary to tra- 
choma, involves a small portion of the 
lid, and usually causes no visual im- 
pairment. In our study, trachomatous 
patients differed significantly from the 
patients in these reports with respect 
to both the severity of trichiasis and 
the degree of visual impairment. Thir- 
ty-one percent of our patients had tri- 
chiasis involving one half of the eyelid 
or more, and severe visual impairment 
secondary to corneal scarring was 
present in 71 (68%) of 104 involved 
eyes. 

Visual impairment in trachoma oc- 
curs with greater frequency in 
women.’ In Saudi Arabia, women over 
the age of 60 have a twofold increase in 
trachomatous blindness compared 
with men.” Close contact with chil- 
dren, the major reservoir of chla- 
mydial organisms, presumably in- 
creases the frequency of reinfection. 
Women accounted for two thirds of our 
patients and were more likely to have 
multiple lid involvement. This same 


Eyelids at 


Eyelids jonat 
Risk Withdrawn — Failure Rate _ 


137.0 0.0 










0.058. 





predominance is reflected in other tra- 
chomatous series*”* and identifies one - 
of the causes for the increased fre- 
quency of blindress in women. S 
Although the final success rate 
(90% ) in our study is similar to that in 
other series, the rumber of eyelids. 
successively treated after one treat- = 
ment is much lower.’ Our success = 
rate was 56% after one treatment, 
whereas Delaney and Rogers’ re- | 
ported an 82% success rateafterasin- _ 
gle treatment. Recurrences in our — T 
study were enccuntered as frequently — a 
in patients with minimal involvement __ 
as in those with extensive disease. 
Since prediction of those likely to have 
recurrences is not possible, a follow-up © 
examination in 4 to 8 monthsisadvised  _ 
in all trachomatous patients regard- = 
less of severity. 
Cryotherapy with liquid nitrogen or 
nitrous oxide has an 80% to 90% final _ 
success rate for treating trichiasis.” 
While both ervogens are capable of- 
lowering tissue temperature tothe re- 
quired —20°C for lash destruction, ni- ; 
trous oxide offers the advantages of _ 
more stable storage and better treat- 
ment control. High-flow nitrous oxide- 
systems are mere effective than stan- — 
dard retinal cryoprobes due to larger 
cryoprobe tips and higher rates of gas 
exchange.’ a 



















quired to reach —20°C for lash de 
struction varies from 25° to 4 
seconds.” This variance in freezing pe 
riod may be due to the different sizes of - 
cryoprobes. Delaney and . Rogers’? 
treated a group of patients with timet 
freezing for 45 secends without the us 
of a thermocouple. They reported an 
82% success rate after one treatmen 
and a final success rate of 95% after a 


additional treatment. 
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on rate was 9.5%, with hy- 
igmentation in 12 (8.7%) and lid 
ig in 1 (0.7% ). The hypopigmen- 
1 was mild in all cases and ex- 
d only several millimeters be- 
nd the lash line. 
The 8.7% rate of hypopigmentation 
ur patients is attributed to the 
r- 











n. In an effort to minimize hy- 
igmentation, we applied cryother- 
the lid margin rather than an- 
rly over the skin surface. Peart 
Hill” reported on a series of black 
tients with trichiasis treated with 
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in- cryotherapy. Only 1 of 28 eyelids de- 
qn- Da 


veloped hypopigmentation. Treatment 
was in a double-freeze cyele, with one 
application at the lid margin and the 
other applied to the posterior lid gur- 
face. Our complication rate would pos- 
sibly have been lower for hypopigmen- 
tation if this regimen had been used. 
This may be an important consider- 
ation, since the population is fre- 
quently dark skinned in countries 
where trachoma is endemic. 

In some patients, significant cicatri- 
cial entropion and trichiasis coexist. In 
our series, 11 patients required com- 
bined treatment for cicatricial entro- 
pion and trichiasis. Each had an en- 
tropion repair performed 6 to 12 
months before cryotherapy. Since 
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entropion, it appears that cryotherapy _ 
can be safely performed in conjunction _ 


with entropion repair. 


The proper treatment for trichiasis i 


in trachoma is important for the pre- 
vention and rehabilitation of corneal 






scarring. Our study supports the con- 
clusions of other investigators regard- 


ing the effectiveness of cryotherapy in 
the management of trichiasis. It is 
hoped that the portability and ease of 
administration will make cryotherapy 
an accessible treatment for trachoma- 
tous patients. 
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e. A high-powered argon blue-green la- 
“ger coupled te a 380-um quartz fiberoptic 
“-prebe was used to create an ab interno 
< gclerostomy ina patient undergoing enu- 
: -gieation fora blindpainful eye. Despite the 
-presence ef diffuse rubeosis, 360° periph- 
z eralanterior synechiae, and superior con- 
‘juactival searsing, it was possible to create 
a fulkthiclinass defect from the anterior 
" chamber angle to the subconjunctival 
space witheut operative complications. 
‘Six laser applications were required using 
8 W of pewer per pulse and 0. 1-second 
: puise duration. The eye was enucleated 
- immediateiy after the laser procedure, 
prepared for ligh! microscopy, and sec- 
toned serail. Histologic analysis demon- 
strated a patent fistula approximately 300 
pm in diameter with sharp wound margins. 
-Tissue damage was localized to within 150 
pm of the sclerostomy. The overlying con- 
- Junctiva was intact. 
{arch Ophthalmol. 
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(Yiaucom a filtering procedures for 
* uncomplicated chronic open-angle 
ucoma have success rates as high as 


0% depending on the series and the 
definitiom of success.’ The prognosis is 


uch worse forpatients with neovas- 
cular glaucoma or glaucoma associ- 
xed with pseudophakia or aphakia, 
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and those with previously failed glau- 
coma filtration surgery” The most 
common cause of failure of filtration 
surgery in this group of patients is 
scarring in the subconj unctival 
space.’ Ab interno approaches to the 
creation of filtration fistulas have been 
investigated as a possible means of de- 
creasing failure due to subconjunctival 
scarring.’ We recently demonstrated 
that it was possible to produce full- 
thickness filtration fistulas in rabbits 
using a 15-W argon blue-green laser by 
an ab interno approach." In the cur- 
rent study, we created a f ull-thickness 
ab interno sclerostomy in a patient us- 
ing the high-powered argon endolaser. 
We studied the histopathologic ap- 
pearance of the laser lesion and the ef- 
fect of the laser on the adjacent normal 
tissue. 


REPORT OF A CASE 


The patient was a 32-year-old white 
woman. She developed a sphenoid ridge 
meningioma at age 13 years. The tumor was 
resected; however, recurrence at age 21 
years necessitated repeated craniotomy 
with postoperative radiotherapy. She sub- 
sequently developed a radiation-induced 
cataract and underwent an intracapsular 
cataract extraction of the left eye at age 30 
years. Her vision progressively deterio- 
rated to no light perception as a result of 
radiation retinopathy, optic neuropathy, 
and neovascular glaucoma. Despite ade- 
quate medical control of the intraocular 
pressure, the eye was chronically painful 
and inflamed. The patient elected to have 
the eye enucleated. 

We obtained approval to perform a laser 
sclerostomy at the time of enucleation from 
the Institutional Review Board at the Med- 
ical College of Wisconsin, Milwaukee, and 
from the patient after informed consent 


was obtained. Preoperatively, the visual 
acuity was 20/15 CD and no light percep- 
tion in the left eye. Intraocular pressure — 
was 15 mm Hg in each eye. On slit-lampex- = 
amination, the right eye was entirely nor- oS 
mal. The conjunctiva of the left eye waso 
scarred and immobile superiorly and was were 
moderately injected. Tke anterior chamber. = 
was deep, with 3+ flare and 3+ cells. Theiris 
had marked, diffuse rebeosis. Gonioscopy — B 
showed 360° peripheral anterior synechiae E 
with diffuse neovascularization. The pa- 
tient was aphakic. Dense organized vitre- 
ous hemorrhage prevented ophthalmo-  __ 
scopic examination of the retina. > wo ERD 
The patient was anesthetized with gen- 
eral endotracheal anesthesia. The nasal __ 
limbus at the 3-o’elock position of the left. — 
eye was chosen as the site of the laser scle- = 
rostomy. A subconjunctival bleb was raised 
with hyaluronate sodiam (Healon) usinga 
30-gauge needle adjacent to the limbus at 
the 3-o’clock position. The anterior cham- =: 
ber was entered at the limbus opposite the 
site chosen for the sclerostomy using a 23- 
gauge needle attached to a syringe filled __ 
with hyaluronate sodiam. Hyaluronate s0- 
dium was then injected intracamerally to- 
deepen the antericr chamber and to protect 
the corneal endothelium. A Barkan lens. 
was placed on the cornea to visualize the 
anterior chamber angie, and the operating 
microscope was used for magnification. 
A 300-um quartz fiberoptic probe coupled - 
to an argon blue-green laser (HGM Model 
20, Salt Lake City. Utah) was inserted into 
the limbal stab incision. Under direct visu- 
alization, the laser prdbe was passed across. 
the anterior chamber. The tip was posi- 
tioned approximately 0:5 mm away fror 
the anterior chamber angle at the 3-o’cloc 
position. Using treatment values of 8.0 W o 
power and 0.1-secend pulse duration, singl 
laser pulses were applied as the probe wa 
slowly advanced until the tip was visible i 
the subconjunctival space. In total, six laser 
pulses were applied to produce ‘a patent 
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Fig 1.—Top, Appearance of eye before laser sclerostomy. Bottom, Appearance of eye after laser 
sclerostomy. A diffuse 360° bleb formed after injection of balanced saline solution into the ante- 
rior chamber, demonstrating patency of the fistula. 


sclerostomy, which was easily visible with 
the Barkan lens. 

No hemorrhage or other complications 
were encountered. On clinical examination, 
the conjunctival surface appeared to be 
completely intact. Patency of the fistula 
tract was demonstrated by injecting bal- 
anced saline solution (Alcon, Fort Worth, 
Tex) into the anterior chamber through the 
paracentesis site using a 27-gauge blunt- 
angle cannula. Injection of the saline solu- 
tion resulted in the immediate formation of 
a large, diffuse, 360° subconjunctival bleb 
(Fig 1). The anterior chamber remained 
formed immediately following the proce- 
dure, and no corneal damage was apparent 
clinically. 

The eye was then immediately enucleat- 
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ed, fixed in phosphate-buffered glutaralde- 
hyde, and embedded in paraffin. The tissue 
was processed for light microscopy. 


HISTOPATHOLOGIC STUDY 


Serial sections were taken through the 
region of the sclerostomy site. A full-thick- 
ness defect, approximately 306 um in diam- 
eter, extended from the false angle between 
the peripheral cornea and adherent iris 
posteriorly through sclera inte the subeon- 
junctival space (Fig 2). The overlying con- 
junctival epithelium was completely nor- 
mal. The scleral margins of the fistula were 
sharp. The scleral fibers were edematous 
within approximately 150 um of the wound. 
The adjacent scleral fibers and corneal en- 
dothelium and stroma appeared normal. 
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There was neovascularization with fibrosis 
over the anterior iris surface, and the ante- 
rior chamber angle beyond the fistula was 
completely closed by preexisting peripheral 
anterior synechiae (Fig 3). A small amount 
of proteinaceous material and red blood ` 
cells were focally present in the lumen of 
the defect. 


COMMENT 


We found that it was possible to 
create a full-thickness filtration fis- 
tula with the 15-W argon endolaser 
without significant complications. De- 
spite the presence of marked rubeosis, 
bleeding was not encountered during 
the treatment procedure. This lack of 
bleeding was consistent with the re- 
sults of our earlier study of ab interno 
sclerostomy in the rabbit and our in- 
vestigation of photoablation of ocular 
melanoma in a rabbit model.’ The 
treatment values chosen for the scle- 
rostomy procedure were based on our 
earlier work in rabbits. 

It is not known whether a lower 
power density would have been equally 
efficacious in the production of a full- 
thickness sclerostomy in humans. In 
the rabbit model, however, power of 
less than 5 W was not sufficient to cre- 
ate a full-thickness lesion despite re- 
peated laser application (unpublished 
data, 1988). It is also possible that the 
use of lower power densities would be 
associated with an increased risk of 
hemorrhage in patients with rubeosis 
and neovascular glaucoma, as hemor- 
rhage did occur in the choroidal mela- 
noma tumor mode! when lower power 
densities were used. 

Histopathologic examination of the 
laser lesion revealed a sharp wound 
margin with localized scleral thicken- 
ing adjacent to the fistula tract. The 
adjacent tissue approximately 300 um 
away from the laser lesion appeared 
entirely normal, as did the conjunc- 
tiva. The histologic appearance of the 
laser lesion in our patient was nearly 
identical to that produced in the rab- 
bit. In that study, we similarly found 
that tissue damage was localized to the 
area directly treated and to the adja- 
cent tissue within approximately 200 
um from the fistula. 

The patient studied in the current 
report was aphakic. The effect. of the 
laser on the lens of a phakic patient is 
not known; however, no evidence of 
lenticular damage was noted when the 
laser was used to create sclerostomies 
in rabbits.“ Because of conjunctival 
scarring at the superior limbus, the 3- 
o'clock position was chosen for the fil- 
tration fistula. It would have been dif- 
ficult to perform standard filtration 
surgery in this location; however, with 
an ab interno approach, virtually the 
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Fig 2.—Top, ull-thickness defect extending from the anterior chamber angle (single arrowhead) 
tc the subeormunctival space (double arrowheads) (hematoxylin-eosin, X66). Bottom, Lesion ex- 
tends throwgtthe faise angle created by peripheral anterior synechiae (hematoxylin eosin, X330). 


Fig.3.— Tissue adjacent to the sclerostomy. A false angle is formed by peripheral synechiae with 
irs and angle neovascularization (single arrowhead). There is fibrovascular tissue overlying the 
surface ofthe iris adjacent to the false angle (double arrowheads). The cornea and sclera appear 
normal (hematoxylin-eosin, X82). 








Z: Arch Ophthaimol—Vol 107, August 1989 






entire 360° of the anterior chamber 


angle is accessible far placement of a 
filtration fistula. This flexibility in fil- 
ter placement is particularly advanta- 
geous in treating patients who have 
undergone previous ocular surgery 
and who often have regions of scarred 
conjunctiva. 

The results of this study suggest 
that it is feasible to create a full- 
thickness filtration fistula in an aph- 
akic patient with peripheral anterior 
synechiae resulting from rubeosis. 
This technique may provide an alter- 
native method of treating similar pa- 
tients with neovascular glaucoma 
and/or aphakia. who characteristi- 
cally have a guarded prognosis follow- 
ing filtration surgery. 


None of us has any. proprietary interest in the 
laser used in this study. 
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© Two unrelated boys had a history of 
lateral corneal clouding at birth follow- 
ig uncomplicated full-term gestations 
nd spontaneous vaginal deliveries 
(without forceps). Clinical examinations 
disclosed bilateral corneal edema, no in- 
— flammation, and normal intraocular pres- 
< Sures, There was no history of similarly af- 
fected family members. The patients un- 
_ derwent penetrating keratoplasty at ages 
4 months (patient 1) and 12 years (patient 
2). Light and electron microscopic studies 
of the corneal buttons from both patients 
_ ‘Tevealed areas of degeneration of the en- 
_ dothelium and separation of rounded en- 
-> dothelial celts. The morphologic features 
were strikingly similar to those in two ac- 
quired forms of corneal disorders—au- 
___ toimmune endotheliopathy and “acute en- 


HOS Among the causes for cloudy corneas 
_ *" at birth, many share the common 
_ feature of primary corneal endothelial 
dysfunction with secondary stromal 
nd epithelial edema.'” The nature of 
he dysfunction may be traumatic 
(birth trauma, forceps injury),’ hered- 
tary (congenital hereditary endothe- 
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dotheliitis.”. immunocytologic and in situ 
hybridization studies for herpes simplex 
virus were not consistent with either pro- 
ductive or latent corneal infection. Ultra- 
structural changes in Descemet’s mem- 
brane reflect delayed or abnormal devel- 
opment of the postnatal nonbanded layer 
in patients 1 and 2, respectively. These 
suggest an intrauterine insult that resulted 
in endothelial dysfunction. The histologic 
and ultrastructural features of these two 
congenital cases are not typical of those 
seen in any of the recognized causes of 
congenital corneal clouding. We propose 
that these cases represent a unique con- 
genital corneal endotheliopathy of unde- 
termined origin. 

(Arch Ophthalmol. 
1192) 
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lial dystrophy or posterior polymor- 
phous dystrophy),'*> developmental 
(mesenchymal dysgenesis),? inflam- 
matory (rubella, syphilis, or herpes 
simplex virus [HSV] infection), or 
secondary to glaucoma. In cases of ac- 
quired corneal edema, recent reports 
of autoimmune endotheliopathy,!" 
“idiopathic endotheliitis,”* herpetic 
endotheliitis,’’ and desquamativeendo- 
theliopathy’® have all featured pa- 
tients who had development of acute 
corneal edema that was attributed toa 
primary degeneration of the corneal 
endothelium. 

We describe herein the clinical, 
pathologic, immunocytologic, and ul- 
trastructural features of two unre- 
lated patients with bilateral cloudy 
corneas at birth. Both manifest patho- 


logic features not described with other 

causes of congenital corneal edema or 
-~ with acquired endothelial degenera- 
tion. 








‘ongenital Idiopathic Corneal Endotheliopathy 
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REPORT OF CASES 


CASE 1.—A 2%2-month-old male infant 
had a history of bilateral cornea] clouding -> 


since birth (Fig 1, left). There was no his- 
tory of maternal infection. The gestational 
period was full term ending with a normal 
spontaneous vaginal delivery without the 
use of forceps. Ocular and family history 
were negative. A thorough pediatric and 
laboratory evaluation disclosed no abnor- 
malities. The child was normal in all re- 
spects except for bilateral diffuse clouding 
of the cornea with a central corneal thick- 
ness of 1.2 mm as determined by ultrasonic 
pachometry. Intraocular pressures were 
normal and there were no signs of inflam- 
mation. There were no features of congen- 
ital rubella or congenital syphilis. A pene- 
trating keratoplasty was performed on the 
right eye on June 19, 1987, and on the left 
eye on July 28, 1987 (Fig 1, right). The eor- 
neal grafts remain clear in both eyes 16 
months postoperatively. 

CASE 2.—A 12-year-old boy had a his- 
tory of bilateral clouding of the corneas at 
birth, clouding being more advanced in the 
right eye. The gestational period was full 
term ending with a normal spontaneous 
vaginal delivery without the use of forceps. 
The family ocular history was negative for 
any familial diseases. Visual acuity was 
20/200 OD and 20/100 OS. Slit-lamp exam- 
ination revealed bilateral diffuse corneal 
edema and thickening with no evidence of 
inflammation. Intraocular pressures were 
15 mm Hg in both eyes. A penetrating 
keratoplasty was performed on the right 
eye on August 24, 1987. 


MATERIALS AND METHODS 


Corneal buttons from patient 1 were 
fixed in 4% buffered formaldehyde and the 
specimen of patient 2 was fixed ina buffered 


solution of 1% glutaraldehyde and A a 
formaldehyde. Each corneal button was bi- o 
sected and one half was submitted for light 


microscopy and the other half was submit- 


ted for transmission electron microscopy. A 
portion of the button from patient 2 was 


prepared for scanning electron microscopy 
of the posterior surface, Tissue sections for o 
light microscopy were stained by the fol- = 




























lowing tecknijues: hematoxylin-eosin, pe- 
riodie acid~Sehiff, trichrome, and alcian 
blue. 


RNA Probes 


Single-stramded RNA probes labeled 
with sodium -ulfase S 35 to specific seg- 
ments of the HSV genome were used. These 
probes” dezected transcription only from 
the region ef the viral genome containing a 
gene that encedes an immediate early pro- 
tein knownsas-the iafected cell protein zero 
(CPO). The ENA probe HSV sense ICPO 
was capabl:-of hybridizing with the “sense” 
transcript ¿f HSV types 1 and 2 (the func- 
tional messenger RNA of the gene), which 
is prominent in an acute infection. The 
HSV~‘“anti-sense” (CPO probe was capable 
of hybridizing with the anti-sense tran- 
script (an ENA molecule transcribed in the 
opposite direction and complementary to at 
least part of the messenger RNA). Thus, use 
of these two ESV mboprobes allows detec- 
tion of both productive and latent viral in- 








Fig 2.—Case i. Ultrastructure of four areas with a 3.7-um-thick ante- 
rior banded’ laver (tetween arrowheads) and a 1t-um-thick transition 
zone between Descemet’s membrane and stroma (asterisks). Top, Area 
shows endethedium with loose cytoplasmic organelles and marked vac- 
uolation. Tom center. At the margin of bare Descemet’s membrane, in- 
tact endothelium thins and extends over denuded area (arrow). Bottom 
center and tottem, Abrupt transitions delimit intact and degenerated and 
vacuolated endothelium (arrows) (top and bottom center, original mag- 
nification X28860; top center, original magnification x 1900; bottom, 
original magnification X5400). 
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Fig 1.—Case 1. Left, Preoperative appearance of the left eye with diffuse corneal haze and deep 
anterior chamber. Right, Postoperative view of the right eye with diffuse naze in the recipient bed. 


Fig 3.—Case 1. Top, Enlarged, rounded endo‘helial cells with ill-defined 
cytoplasmic organelles and numerous junctional complexes (arrow- 
heads) (original magnification X4000). Center, Area where normal en- 
dothelium with junctional complexes (arrowhead) and marginal aggre- 
gates of microfilaments with fusiform densities (amow) overlap a more 
degenerated cell (asterisk) (original magnificatior X65600). Bottom at 
the left, Higher-power view of subplasmalemmal aggregate of microfil- 
aments with fusiform densities (arrows) (original magnification 
xX 10000). Bottom at the right, Higher-power view of junctional com- 
plexes (arrowheads) between the relatively intact endothelial cells 
{original magnification X26 000). 
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Fig 4.—-Case 1. Round degenerated endothelial cells (arrows) are 
loosely adherent to the posterior surface. Intact endothelium shows mild 
vacuolation, thinning, and spread toward degenerated cells. The rela- 
tively intact endothelium has prominent junctional complexes (arrow- 
heads, bottom and inset) and subplasmalemmal aggregates of microfil- 
aments with fusiform densities (bottom, inset, asterisk) (top, original 
magnification X2200; bottom, original magnification X8000: and inset, 


original magnification X 13 000). 


fection, as has been demonstrated in human 
trigeminal ganglia.’ 


Tissue Preparation 


Corneas were fixed in neutral buffered 
4% formaldehyde solution and then embed- 
ded in paraffin and sectioned (for 8-um sec- 
tions). All sections were placed on slides 
treated with 3-aminopropyl-triethoxy- 
silane to improve adherence of the 
tissues." 

in Situ Hybridization 

The protocol used was a modification of 
that described by Gendelman et al and 
Haase et al.” Slides were deparaffinized, 
followed by proteinase K (Sigma Chemical 
Co, St Louis, Mo) digestion (100 mg/L) at 
37°C for 15 minutes. Prehybridization was 
performed at 45°C for 2 hours in 50% 
deionized formamide, 0.6 mol/L of sodium 
chloride, 10 mmol/L of TRIS hydrochloride, 
1 mmol/L of edetic acid, 0.2% Ficoll, 0.2% 
povidone (polyvinylpyrrolidone [PVP-360)), 
500 mg/L of transfer RNA, 10 mmol/L of 
dithiothreitol, and 1 mg/mL of bis (trime- 
thylsilyl) acetamide. The hybridization so- 
lution included all the prehybridization re- 


agents. In addition, 10% dextran sulfate 
and 1 million cpm of the appropriate RNA 
probe were added for each 12 uL of the hy- 
bridization solution. Hybridization was 
carried out overnight in the dark at 50°C. 
Slides were washed at 60°C as deseribed 
elsewhere” and were dipped in NTB3 auto- 
radiographic emulsion (Eastman Kodak 
Co, Rochester, NY) that was ciluted 1:1 with 
0.6 mol/L of ammonium acetate and ex- 
posed for 4 days at 4°C. Slides were devel- 
oped in D-19 (Eastman Kodak) and stained 
with hematoxylin. 


Controis 


The HSV-infected and noninfected cul- 
tures of human diploid fibroblasts cytospun 
onto silanized slides served as controls for 
active viral infection and as a negative con- 
trol, respectively. These calls were fixed in 
periodate-lysine-paraformalehyde-gluta- 
raldehyde solution as described by Gendel- 
man et al.” As controls for latent herpesvi- 
rus infection, trigeminal ganglia were pro- 
cessed from HSV-seroposizive cadavers 
that were free of lesions suggestive of an 
active orolabial herpes simplex infection. 
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Fig 5.—-Case 2. Scanning electron microscopy of posterior cornea with 
an abrupt transition between acellular areas (asterisks) and intact 
slighily pleomorphic endothelium (top left, original magnification X55; 
top right, original magnification X200; bottom left, original magnification 
x540; and bottom right, original magnification X510). 


The ganglia were fixed in 4% formaldehyde 
solution and then embedded in paraffin. 


Antisera 


Murine monoclonal 58s anti-ICP4 anti- 
body was employed; its preparation and 
characterization have been previously 
described.“ A rabbit polyclonal anti-HSV 
hyperimmune serum sample against HSV 
types 1 and 2 was also obtained. 


immunoperoxidase Staining 


The optimal dilution of the antisera was 
determined using formaldehyde-fixed, par- 
affin-embedded, microtome-cut sections of 
acutely HSV-infected scarified murine 
eyes. The avidin-biotin complex immuno- 
peroxidase method (Vector Laboratories) 
was employed, as described by Hsu et al.*! 
The optimum dilutions were 1:100 for rab- 
bit polyclonal anti-HSY and 1:50 for anti- 
ICP4. An unacceptably high background 
precluded use of higher concentrations of 
the primary antisera in the sensitive im- 
munoperoxidase system. Normal rabbit or 
mouse immunoglobulims and sections of 
uninfected murine eyes were used as nega- 
tive controls. The HSV-infected cultures of 
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vacu 
(Oum, 
collagen {original magnification X6000). 











human cipleidscorneal fibroblasts on slides 
served as positive controls. 


RESULTS 


Three corneal buttons of two pa- 
tients were studied by light and elec- 
tron microscopy. Remarkably similar 
ehanges were seen in the posterior 
portien of the corneas, although addi- 
tional features were noted anteriorly 
in the cornea of patient 2, who had 
more: long-sianding disease. In all 
specimens, the epithelium and Bow- 
man’s membrane were intact. Descem- 
et’s membrane was normal. The endo- 
thelium was normal appearing in some 
areas with aa abrupt transition to an 
ill-defined single-cell layer of vacuo- 
lated cells iw other areas. 






Case 1 






ansmission electron microscopy 
shewed Deseemet’s membrane mea- 
‘suring 4.3 pm. A transition zone from 
stroma to Descemet’s membrane mea- 
sured 0.6 um and the anterior banded 





j5 












əphthaimot—Vol 107, August 1989 





G.-Case 2. Top, Partially degenerated keratocyte surrounded by 
lectran-dense granular material (asterisks) (original magnification 
300). Bottom, Endothelium with nuclear pyknosis and cytoplasmic 
tation with absent organelles. Descemet’s membrane is thickened 
and corttains scattered layers and patches of 10-nm periodicity 


X 4400). 


portion measured 3.7 um in thickness. 
The postnatal, nonbanded region, 
which would normally measure ap- 
proximately 0.5 um at 12 weeks of age,” 
was virtually absent. There were wide- 
spread areas where the degenerative 
endothelium displayed vacuolation 
and loss of cytoplasmic organelles. The 
relatively normal endothelial cells ap- 
peared mildly thickened but main- 
tained a low cuboidal appearance (Fig 
2). The transition between normal and 
degenerative cells was abrupt (Fig 3). 
Often, normal cells overlapped por- 
tions of degenerated cells (Fig 3, cen- 
ter). In the area of intact endothelium, 
there was a conspicuous number of 
moderately well-developed junctional 
complexes (Fig 3, bottom right). Some 
of the normal cells had subplasmalem- 
mal aggregates of microfilaments with 
fusiform densities (Figs 3, bottom left, 
and 4). At the margin between normal 
and degenerated endothelium, the 
more normal cells appeared to have 
spread over the degenerating ones. 








Fig 7.—-Case 2. Junction (arrow) between relatively intact endothelium 
(at left) and degenerated endothelium (at right) (original magnification 


Occasional degenerated cells adhered 
to the posterior surface of intact en- 
dothelium (Fig 4} 


Case 2 


Light Microscopic Findings.—Micro- 
scopic examination disclosed intact 
and mildly edematous epithelium. A 
thin layer of fibrocellular tissue was 
interposed between the epithelium and 
the intact Bowman’s membrane at one 
periphery. Descemet’s membrane was 
intact and mildly thickened. Where 
present, endothelium was mildly at- 
tenuated with 14 cells per high-power 
field (X40 objective). 

Scanning Electron Microscopic Find- 
ings.—Scanning electron microscopy 
(Fig 5) of the central area disclosed 
diserete areas delineating relatively 
normal endotheliam from areas with 
degenerative endothelium. There was 
an abrupt transition from normal-ap- 
pearing endothelium to a region of 
thinned, ill-defined eells. Peripheral 
areas of the butten devoid of endothe- 
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Fig 8.—Case 2, Descemet's membrane of 10 um has foci of 59-nm periodicity collagen through- 
out the midportion (arrows) and 120-nm periodicity collagen (arrowheads and inset) scattered dif- 
fusely but concentrated posteriorly. Intact endothelium covers degenerated cell (asterisk) (orig- 
inal magnification X 11 000; inset, original magnification X20 000). 


lium contained a meshlike adherence 
of spindle and stellate cells. Few mi- 
crovillous processes were present, pri- 
marily in the periphery of cells. The 
endothelium displayed mild poly- 
megathism and pleomorphism. 
Transmission Electron Microscopic 
Findings.—Transmission electron mi- 
croscopy revealed an epithelium with 
vacuolated intercellular spaces and an 
irregular, discontinuous, and notched 
basement membrane measuring 33 nm 
in thickness. Bowman’s membrane 
was intact. Keratocytes frequently 
contained intracellular vacuoles rang- 
ing in diameter from 0.4 to 2.4 um. Oc- 


casional keratocytes were markedly 
degenerated and surrounded by elec- 
tron-dense granular material (Fig 6, 
top). The endothelium contained nu- 
merous vacuoles of varying sizes and 
partially degenerated cells (Figs 6, 
bottom, and 7). The transition between 
relatively normal endothelium and 
distended, vacuolated, and degener- 
ated endothelium was abrupt (Fig 7). 
More normal-appearing endothelium 
sometimes extended over degenerated 
endothelial cells (Fig 8). Descemet’s 
membrane measured 10 to 10.5 um 
in thickness, of which 3.6 um consisted 
of the anterior fetal banded por- 
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Fig 9.—Top, In situ hybridization with anti- 
sense RNA probe for infected cell protein zero 
(ICPO) shows the accumulation of silver grains 
overlying large neuronal cells in latently in- 
fected human trigeminal ganglion (positive 
control for latent infection) (original magnifica- 
tion X 140). Bottom, in situ hybridization using 
the sense riboprobe for {CPO results in silver 
grains overlying herpes simplex virus-infected 
human stromal fibroblast celi (positive control 
for productive infection) (original magnification 
X 140). 





Fig 10.—Top, Case 2. Following in situ hybrid- 
ization using the infected cell protein zero 
(ICPO) sense-oriented riboprobe, no silver 
grains are present over any corneal cells (orig- 
inal magnification X35). Bottom, Case 1. In situ 
hybridization with anti-sense ICPO probe for 
latency-associated transcripts yields no silver 
grains overlying any posterior corneal cells 
(original magnification x 140). 


tion. Banding, however, was present 
throughout much of the membrane. 
Foci of collagen with a 59-nm peri- 
odicity were scattered throughout the 
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lone third of the membrane. 
addition, foci of collagen with a 
420-nm periedicity were scattered 
throughout the posterior two thirds of 
the membrane and were especially 
‘prominent in the posterior aspect 
(Figs 7 and &. 





‘Both Cases 


In Situ Hybridization Studies.— 
Cernea! sections from both patients 
ware examined by in situ hybridization 
using RNA probes to detect either 
sense or anti-sense ICPO transcripts. 
-No positive hybridization signals were 
‘observed in the corneas from either 
‘patient for the sense or anti-sense 
: transcript (Fig 9). Noninfected 
cells tested with sense or anti-sense 
“ICP0 probes as well as cells tested with 

nen-sense probes showed no positive 

signals. In contrast, strong hybridiza- 
tion signals were observed with active 
and latent ESV-infected control tis- 
gues when tested with sense and anti- 
sense PCPO probes, respectively (Fig 

16). 

Immunocytologic Studies.— Neither 
carnea tested positive on immunoper- 
oxidase staining with murine mono- 
clonal anti-ICP4 serum or rabbit hy- 
perimmune anti-HSV serum samples. 

- Noniniected murine or rabbit eyes 
_ treated with anti-HSV serum samples 
__ or with normal rabbit or mouse immu- 
- pogiobulins did not show staining. The 
<- HSV-iafectel mouse or rabbit eyes 
tested with anti-HSV serum samples 
- showed a strongly positive reaction 
product. Serial sections of infected tis- 
‘gues did not stain with normal rabbit 
or mouse immunoglobulins. 










COMMENT 


In these two patients the possibility 
ef congenital glaucoma or forceps-re- 
“ irth trauma with forceps injury 
be eliminated by the history and 
] fincings. Special studies for 
erine i 















: infection by HSV were 
ive for productive or latent in- 
on. Alse, the lack of inflammatory 
and vral forms on ultrastruc- 
| evaluation militates against ac- 
viral infection. The histologic and 
- altrastructeral studies in our patients 
<- revealed several unique features not 
- described ir other forms of congenital 
: endothelial dystrophies, such as con- 
_ genital endothelial dystrophy (CED) 
and posterior polymorphous dystro- 
- phy (PPD). 

_ Typically, PPD was first described 
eing characterized by thickened, 
aminated, or nodular Desce- 
membrane with a mildly attenu- 
_ endothelium.” The lesions are 
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usually bilateral but can be asymmet- 
ric. Ultrastructurally, the principal 
abnormalities are located in Desce- 
met’s membrane and the endothelium. 
Descemet’s membrane is thickened 
with new layers laid down poste- 
riorly. The anterior layer is normal 
while the posterior layer contains a 
mixture of fibrils, short collagen fi- 
bers, and basal laminar substance.” 


The endothelium is markedly attenu- 


ated with degenerated cells depleted of 
organelles and structural density. In 
addition, the presence of epithelial 
features of the endothelium is consid- 
ered by some to be the histopathologic 
eriterion by which the diagnosis of 
PPD is made.” 

Congenital endothelial dystrophy is 
a bilateral disorder characterized by 
an absence of endothelial cells.” Des- 
cemet’s membrane has been charac- 
terized as absent, thinned, thickened 
or multilaminated, and irregular.” 
As with PPD, the anterior layer is rel- 
atively normal, with nonbanded fi- 
brous tissue making up the abnormal 
posterior layer. In both PPD and CED, 
there is a hereditary component with 
either autosomal-dominant or autoso- 
mal-recessive inheritance patterns 
reported.” 

There are several features in our 
patients that distinguish them from 
those who have PPD and CED. Most 
strikingly, the ultrastructural exami- 
nation revealed abrupt areas of 
transition from relatively normal-ap- 
pearing endothelium to markedly de- 
generated areas. That the endothelium 
had undergone reparative measures 
was suggested by the presence of nor- 
mal endothelial cells appearing to 
have spread over and under degener- 
ated ones. Descemet’s membrane was 
of normal thickness in patient 1 and 
thickened in the older patient 2. The 
posterior layer was a monolayer of low 
cuboidal cells with prominent junc- 
tional complexes but no keratofila- 
ments, keratohyaline granules, or des- 
mosomes indicative of epithelial char- 
acteristics as seen in PPD. The stromal 
changes present in patient 2 may be a 
secondary effect of the prolonged cor- 
neal edema. There was no evidence of 
inflammation in either patient. While 
we cannot exclude the possibility that 
these are simply less advanced cases of 
CED, this seems unlikely; there are 
areas where the endothelial cells ap- 
pear relatively normal juxtaposed 
with areas with marked endothelial 
cell degeneration. 

The mild thickening of the anterior 
fetal banded portion of Descemet’s 
membrane suggests an intrauterine 
insult producing a primary dysfunc- 

























tion of the endothelium. At 12 weeks, 
the postnatal, nonbanded layer of Des- 
cemet’s membrane weuld be expected 
to measure appreximately 0.5 wm.” 
Delayed development -of the posterior 
layer of Descemet’s membrane in pa- 
tient 1 and abnorma. banding in all 
layers of Descemet’s membrane in pa- — 
tient 2 suggest ar intrauterine insult — 
to the endothelium that could have oc- _- 
curred early or late im the gestational — 
period.” 
A dystrophic or degenerative. pro- 
cess presumably cccurring during the 
intrauterine peried resulted in endo- 
thelial dysfunction aad abnormal de- 
velopment of postnatal Descemet’s © 
membrane. This coud have resulted 
from a toxic, inflammatory, traumatic, — 
hereditary, or other insult. The history 
in both patients militates against a _ 
hereditary or traumatic origin. The- 
absence of inflammaczory cells makes 
an inflammatory or infectious. cause — 
unlikely, and special studies for HSV 
were negative. The possibility that = 
processing artifact produced the 
abrupt transition frem relatively nor- — 
mal endothelium to tain or absent en- 
dothelium is unlikely given the pres- 
ence of loosely adherent, distinctly ab- 
normal cells and cells spreading to. 
cover affected areas, rather than sim- 
ply denuded Descemet’s membrane. = 
The ultrastructural features of 
these patients have some similarities _ 
to those in recently reported cases of ` 
acquired forms of corneal clouding: 
autoimmune endotheliopathy,'*® idio- 
pathic endotheliitis’*** and desqua- 
mating endotheliopaczhy.’* In contrast, 
however, those cases all occurred in a 
setting of acute, acquired corneal 
edema and did nat present at birth or 
in the neonatal period. They have been 
ascribed to varieus causes, including  —— 
autoimmunity, herpetic infection, and = 
incipient iridocorneai-endothelial syn- = 
drome. Again, the absence of inflam- = 
matory cells anc negative studies for = 
herpes simplex ia our patientsandthe 
congenital nature o the condition in 
our patients eliminate these diag- 
noses. We suggest zhat our patients 
represent a unique congenital idio- 
pathic corneal endotheliopathy, the 


pathogeriésis of which is obscure. — 
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started using Viscoat because it produced 
learemcorneasthan any other viscoelastic, 
specially during phacoemulsification.?? 


James P. Gills, MD 
St. Lukes Eye Clinic 
Tarpon Springs, Florida 


)n the first postoperative day, corneas 
ire clearer with Viscoat than with any other 
riscoelastic I've used. 
J]. Rex Parent, MD 
Diplomate American Board 
Ophthalmology 
Fort Wayne, Indiana 


Yearly all of my cataract extractions are 
ierformed by phacoemulsification. I find 
nat clearer corneas and better vision are 
btained on the first postoperative day 
yhen using Viscoat. To me, this indicates 
etter endothelial protection.?9 


E. Renald Salvitti, MD 

Clinical Asst. Prof. of Ophthalmology 
Univ. Pittsburgh School of Medicine 
Eye and Ear Hospital, Pittsburgh, PA 


Ve have long been aware of the protec- 
ive effects of Viscoat on the cornea during 
ihaceemulsification. This makes it espe- 
ially valuable-with low cell counts or 
uttata. We have also noted clearer corneas 
vith Viscoat on the first postoperative 
lay. Vascoat can be used routinely during 
ihacoemulsification and always for eyes 
vith eorneal problems.?? 

John Weisel, MD, FACS 


Rogue Valley Medical Center 
M rd feed Orecon 


Time after time, surgeons using 
Viscoat®* viscoelastic solution during 
cataract extraction and IOL implan- 
tation have reported clearer corneas 
during and after the procedure. This 
means that patients protected by 
Viscoat’s long-lasting coating may 
have experienced fewer incidents 
of the trauma that cause edema, 
clouding, and the possibility of signifi- 
cant endothelial cell loss in the long- 
term postoperatively. 


In addition, Viscoat® contains chon- 
droitin sulfate. And in the corneal 
storage medium K-Sol”, “chondroitin 
sulfate has been shown to extend 
endothelial cell life preservation 
significantly. + 
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Unretouched photo taken one day 
after surgery using Viscoat” during 
phacoemulsitication and IOL 
implantation 

The autaors of the quotes have 
not received any financial consideration 
or other remuneration for the use of 
these quotes, ner do they have any finan- 
cial or proorietary interests in Viscoat® 


+Stein RM Laisson PR: Comparsion 
of chondreitin sulfate to McCarey- 
Kaufman mediam for corneal storage. 
Am J Ophtaalmel 1987;104:490-493. 


K-Sol,® Vscoa™ and CILCO® are 

registered trademarks of Alcon Surgical, Inc. 
© Copyright, alcon Surgical, Inc., 1989 
7581B “US Patent Pending 


Please see adja-ent page for summary 
of Viscoat® preduct information. 


For more nformation about Viscoat,® 
please cal- 1-€00-654-6243 or 
1-800-562-3299 in WA m 








(chondroitin sulfate-sodium hyaluronate) 


Cell protection you can count on. 
Alcon 
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VISCOAT’ 





(sodium chondroitin sulfate-sodium hyaluronate) 
Summary of Product Information 


INDICATIONS: VISCOAT® is indicated for use 
as a surgical aid in anterior segment procedures 
including cataract extraction and intraocular lens 
implantation. VISCOAT® maintains a deep cham- 
ber during anterior segment surgeries, enhances 
visualization during the surgical procedure, and 
protects the corneal endothelium and other ocular 
tissues. The viscoelasticity of the solution maintains 
the normal position of the vitreous face, thus pre- 
venting formation of a postoperative flat chamber. 


CONTRAINDICATIONS: At the present time, 
there are no known contraindications to the use 
of VISCOAT® when used as recommended. 


PRECAUTIONS: Precautions are limited to 
those normally associated with the surgical pro- 
cedure being performed. Although sodium 
hyaluronate and sodium chondroitin sulfate are 
highly purified biological polymers, the physician 
should be aware of the potential allergic risks 
inherent in the use of any biological material. 


ADVERSE REACTIONS: VISCOAT® has been 
extremely well tolerated in human and animal 
studies. A transient rise in intraocular pressure 
may be expected due to the presence of sodium hya- 
luronate, which has been shown to effect such a 
rise (9.8% >25 mmHg during 1-3 days after 
surgery in human clinical trials). 


HOW SUPPLIED: VISCOAT® is a sterile, non- 
pyrogenic, 0.50 ml, viscoelastic preparation sup- 
plied in a disposable syringe (encased in a plastic 
sheath with a threaded luer tip). A sterile 27- 
gauge, disposable blunt-tip cannula is provided 
separately. 


FOR INTRAOCULAR USE. 

Both VISCOAT® and cannula are for single 
use only. 

Store Between 2°-8°C(36°-46°F). Do Not Freeze. 


CAUTION: Federal law restricts this device to 
sale by, or on the order of, a licensed physician. 


Alcon Surgical, Inc. 
Bellevue, Washington 98008-5496 


Revised April 1989 


Alcon 


SURGICAL 
Alcon Surgical, Inc. 


3190 160th Avenue, S.E., Bellevue, WA 98008-5496 
1-206-644-2400, Toll free 1-800-654-6243 

In Washington State: 1-800-562-3299 

Telex: 152-630 7512 


Fellowship 












Fellowship available in Cor- 
neal External Disease— 
Contact Lenses/Anterior 
Segment July 1990-1991. 





Write: 
Department of 
Ophthalmology 
University of 
Connecticut 
Farmington, CT 
06032 
203-521-7560 












Attn: P.C. Donshik, M.D. 


The Department of Ophthalmology at the Uni- 
versity of Arizona's College of Medicine is 
seeking to fill two faculty positions. The first 
position requires a Board Eligible or Board Cer- 
tified Ophthalmologist to serve as Chief of the 
County Hospital Eye Service. An interest in 
General Ophthalmology and Anterior Segment 
surgery is essential. The individual will assume 
teaching and supervisory responsibilities for 
residents and will provide specialty coverage in 
areas which do not have resident coverage. 
Salary for this position will be determined based 
upon background and experience and will 
include applicable fringe benefits. 


The Department is also seeking a part-time 
faculty member who must be at least Board El- 
igible and have clinical practice experience. An 
interest in teaching is desirable as is subspe- 
cialty expertise, although the latter is not man- 
datory. This position is offered as non-tenure 
track. Salary and academic rank will be based 
upon background and experience. 


Qualified candidates should forward a letter of 
interest, current curriculum vitae and three (3) 
letters of reference to: 


Johan T.W. van Dalen, MD, PhD, Assoc. Professor 
Search Committee Chairman 
Department of Ophthalmology 

University of Arizona - College of Medicine 
1501 North Campbell 
Tucson, Arizona 85724 


































The review of applications will begin September 1, 
1989 and will continue until the positions are filled. 
The University of Arizona is an Equal Opportunity /Af- 
firmative Action Employer. Women and Minorities are 
urged to apply. 








What Single Stitch? 





The Ochsner Clinic has 
expanded to a university 
community with a 
metropolitan population 
of 560.000 providing 
outstanding cultural 
opportunities. A position 
is available in a growing 
department of 
Ophthalmology. 

Fellowship training is 
desirable. Opportunities 
lor clinical fesearch. 
Candidates for 
consideration must have 
board certification/ 
eligibility and at least 
one of the following: 
Academic honors; 
Excellent rating in an 
outstanding training 
program; Demonstrated 
ability to provide 
i superior level of care. 
interested individuals 
should forward CV to: 
Charles M. Kantrow, Jr., M.D. 
16777 Medical Center Drive 
Baton Rouge, LA 70816 














OPHTHALMOLOGIST 


Kaiser Permanente-Northern 
California seeks a BC/BE gen- 
eral ophthalmologist for the 
Sacramento facility. Subspe- 
cialty training in cornea/ 
external disease, glaucoma or 
pediatric ophthalmology pre- 
ferred but not required. Present 
staff includes 13 ophthalmolo- 
gists and 16 optometrists serv- 
ing over 400,000 local members 
of our prepaid multispecialty 
group. Competitive salary and 
outstanding benefits. Send CV 
to: James E. Hine, M.D., Chief, 
Dept. of Ophthalmology, The 
Permanente Medical Group, 
Inc., 2025 Morse Ave., Sacra- 
mento, CA 95825. EOE 


KAISER 


Good People. Good Medicine. 














OCULAR PHARMACIST/ 
PHARMACOLOGIST 


The Department of Ophthal- 
mology at the University of Ken- 
tucky in Lexincton, Kentucky is 
seeking a full-time research assis- 
tant professor to join the faculty. 


MINIMUM REQUIREMENTS: 


A Ph.D. in Chemistry, Pharmacy 
or Pharmacology. One year post- 
doctoral work with relevant expe- 
rience in ocular drug delivery sys- 
tems preferred. 


INQUIRIES AND RESUMES 
SHOULD BE DIRECTED TO: 


Robert S. Bake”, M.D., Chairman 
Department o` Ophthalmology 
University of Kentucky 
Albert B. Chandler Medical Center 
800 Rose Street 
Lexington, Kertucky 40536-0084 
(606) 233-6737 


AN EQUAL DPPORTUNITY 
AFFIRMATIVE ACTION EMPLOYER 
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"0-4 “cc/min aspiration rates assures 
gentle yet reSneysive operas Page 


Virtually iistantaneous 

response — short (26’) tubing si(‘(‘té 
between pump and cannula tip reduces — see 
vacuum delays and rushes associated = 
with larger units., 









Simplified set-up — fast and easy 
preparation means the system is ready is 
when you need it. | 


Dramatic savings — based on 
lower purchase price and economical 
disposable tubing cost. 


Mentor’s NEW 
Anterior Segment Vitrector ASV” 


This new instrument adds vitrectomy ~~ The ASV handpiece is driven by the 
Capability to the existing surgical and i < same battery powered control pedal 
cost advantages of Mentor’s used with the SURG-E-TROL I/A/R 
SURG-E-TROL |/A/R system. The system. No console, air tanks, or 
reusable ASV handpiece has a 600 electrical outlets are required. The 
stroke/minute guillotine style cutter SURG-E-TROL 1/A/R-ASV system is 
within a 21 gauge probe. The cutting a new concept in efficiency, 


port is located very near the probe simplicity and economy. 
tip. This overall configuration 


optimizes surgical access to narrow 
spaces and facilitates precise 
vitreous shaping. 


Complete conversion from the I/A/R 
handpiece to the ASV handpiece 
fakes less than one minute and 
requires no additional tubing. = 





To order or for more information, write or call toll free: 
1-800-992-7557 (National); 1-617-871-6950 (Collect in Mass.) 
Surg-E-Trol (I/A/R) was developed in cooperation 


with Robert C. Drews, M.D., Clayton, Missouri O & O 
Mentor®, Surg-E-Trol and ASV are trademarks of 
Mentor O&O, Inc. l N €: 


When Single Stitch? 





Buh N ‘oT NES A simple answer — the AMA Manual of 
` i | hs ri il ny E 7 „I 
A! hl m i T vu i Style. Order your copy today! 
Hh i i I mE i 
ait A O, TA i : 
any iy i ‘a Y 


1988/377 pp/4351-X/$24.95 


Want it faster? Call FREE 
1-800-638-0672 from anywhere in the 
U.S. Maryland residents call 528-4221 
_ COLLECT. 












MANUAL OF STYLE 


The one to consult 


\ X A ether it’s a multi-volume work or 


a shortarticle, you'll find the write 
stuf in the AMA Manual of Style. 


This 8th Edition, a major revision, is the 
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standard among medical publishers. All 
major aspects ef manuscript preparation are i Yes, send me copies of AMA - 
cove e in fivessections which outline: l Manual of Style (4351-X) at $24.95 per ! 
ə Preparing an article for publication į copy. If not complerely atisfied, I may return | 
> Sevie e Terminology e Measurement and the book within 30 days at no further obliga- - 
Quantitation « Technical Information and ‘teas (US only). i 
Bibtiegraphy. ! Payment Options 

You'll find everything you need to make Save postage and handling charges by 
your artidle a success including: ¢ Legal and 1 enclosing your payment or charging your | 
Ethical Matters e Grammar ¢ Punctuation | order. 
» Word Use © Foreign Words and Phrases - O Check enclosed O Billme O VISA i 
ə Diacritics ¢ Abbreviations è Units of - O MasterCard C American Express - 
Measure + Numbers and Percentages l - 
ə Mathematics @ Statistics ¢ Production and : : l 
Printing Terms è Editing and Proofreading : Card # Exp. Date } 

Marks è Epanyms è Nomenclature è Greek ! Signature/P.O.# 

Alphabet è Virus Names è SI Units and i l 
Conversion Tables e Expanded Collection ; i 
of Graphs and Charts o Bibliography Mail Coupon to: | Name - 
e Resourcesfor On-Line Databases. š bia - | 

Next time you have a question about Williams & Wilkins ; aoda i 
making your medical writing more clear, 428 East Preston Street City/State/Zip ò i 
concise end accurate, be ready with one Baltimore, MD 21202 EE SES Se AMEA U 
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The AMA now offers a marketplace of 
opportunities in your own specialty 
journal. Starting in September, AJDC and 
all Archives journals will feature a new 
“Classified Advertising” section. You can 
put your message in the hands of every 
specialist in your target market, every 
month, with one or more AMA journals. 


The affordable “Classified 
Advertising” section in each journal 
offers a highly visible concentration of 
wide-ranging physician opportunities 
within each specialty. 


Take your choice, but make that 
choice an AMA specialty journal for 
physician recruiting. The reason: 
We target the physician you want 
to reach. 


For complete advertising 
information on AMA specialty 
journal advertising please call 
or write: 


Specialty Journal Classified Advertising 
P.O. Box 1510, Clearwater, Florida 34617 


National 800-237-9851 
Florida 800-553-8288 O Local 813-443-7666 
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We target 
the physician 
you want! 
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American Journal of Diseases 
of Children 


Archives of Dermatology 
Archives of General Psychiatry 
Archives of Interna! Medicine 
Archives of Neurology 
Archives of Ophthalmology 
Archives of Otolaryngology 


Archives of Pathology & 
Laboratory Medicine 


Archives of Surgery 














e CME. 

e Diagnostic Support. 
¢ Drug Interactions 

e News. 

e And, more. 


As close as your own PC. 
For more information, call 
1-800-426-2273 


Information or Call 
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Laboratory Sciences 


Oral Acyclovir Reduces the Incidence of Recurrent 


Herpes Simplex Keratitis in Rabbits After 


Penetrating Keratoplasty 


Craig F. Beyer, DO; Max Q. Arens, PhD; Gregory A. Hill, MD; Brian T. Rose, MD; Larysa R. Beyer; David J. Schanzlin, MD 


è To determine if acyclovir sodium pre- 
vents postoperative herpes simplex virus 
type 1 (HSV-1) recurrences, 21 rabbits 
harboring latent HSV-1 underwent uniocu- 
lar autograft penetrating keratoplasty. All 
operated-on eyes were treated with topi- 
cal and subconjunctival dexamethasone 
sodium phosphate. Ten of the 21 rabbits 
also received oral acyclovir (intravenous 
acyclovir was given at the time of surgery). 
Postoperatively, 9 (82%) of 11 operated- 
on eyes in rabbits not treated with acyclo- 
vir had positive HSV-1 ocular cultures. In 
acyclovir-treated rabbits, however, none 
of the 10 operated-on eyes had positive 
ocular cultures. In addition, 9 (82%) of 11 
of the operated-on eyes had geographic 
ulcers develop in the non-acy- 
clovir-treated rabbits, compared with 1 
(10%) of 10 in the acyclovir-treated rab- 
bits. Finally, stromal keratitis appeared in 
5 (56%) of 9 of the operated-on eyes in 
non-acyclovir-treated rabbits and 1 (12%) 
of 8 of the operated-on eyes in acyclovir- 
treated rabbits. The results of this study 
indicate that acyclovir significantly low- 
ered the incidence of HSV-1 ocular shed- 
ding, geographic ulceration, and stromal 
keratitis in a rabbit autograft penetrating 
keratoplasty model. 

(Arch Ophthalmol. 
1205) 


1989; 107: 1200- 


Accepted for publication February 27, 1989. 

From the National Eye Institute, Bethesda, Md 
(Dr Beyer), and the Departments of Ophthalmol- 
ogy (Drs Beyer, Hill, Rose, and Schanzlin and Ms 
Beyer) and Pediatrics (Dr Arens), St Louis (Mo) 
University School of Medicine. Dr Beyer is now 
with the LSU Eye Center, New Orleans, La. 

Read in part before the Annual Meeting of the 
Association for Research in Vision and Ophthal- 
mology, Sarasota, Fla, May 3, 1988. 

Reprint requests to LSU Eye Center, 2020 Gra- 
vier St, Suite B, New Orleans, LA 70112 (Dr Bey- 
er). 


erpetic keratitis is the most com- 

mon inflammatory or infectious 
corneal disease leading to corneal 
transplantation. Unfortunately, the 
graft survival rate in patients with 
herpes simplex virus (HSV) keratitis 
is significantly lower compared with 
the survival rate in patients with non- 
herpetic conditions such as kera- 
toconus.' Reasons for this remain 
poorly understood; however, there is 
increasing evidence that reactivation 
of latent HSV plays a significant role 
in the failures of grafts for herpetic 
keratitis. 

Earlier reports suggested that al- 
lograft rejection was the most signifi- 
cant factor responsible for graft fail- 
ure in eyes with HSV keratitis.’ More 
recently, Epstein et al! found recur- 
rent herpetic disease to be the most 
common cause of graft failure in eyes 
with the preoperative diagnosis of 
herpes simplex keratitis. Experimen- 
tal evidence supports this finding. 
First, the appearance of HSV at non- 
ocular sites follows trauma,‘ in- 
flammation,’ and surgical nerve root 
sectioning.‘ Second, radial incisions’ or 
various irritants? applied to the cor- 
neas of experimental animals latently 
infected with HSV type 1 (HSV-1) re- 
sult in detectable herpetic recurrences. 
Finally, in rabbits latently infected 
with HSV-1, we found recently that 
penetrating keratoplasty (PKP) and 
postoperative corticosteroids signifi- 
cantly increase HSV-1 recurrences 
and severity, leading to HSV-1 stromal 
keratitis and graft failure. 

Acyclovir sodium is a potent antivi- 
ral with selective activity against 
HSV-infected cells. Although systemic 
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acyclovir does not eradicate latent 
HSV, acyclovir produces a progressive 
decrease in HSV latency in experimen- 
tal mice,’ blocks reactivation and mul- 
tiplication of reactivated latent HSV 
in vitro,” suppresses HSV activity 
within the nervous system,!*!? and pre- 
vents epinephrine iontophoresis- 
induced ocular HSV recurrences in 
rabbits.’ In addition, systemic acyclo- 
vir achieves therapeutic levels within 
the aqueous and tear film and is effec- 
tive in the treatment of HSV epithelial 
keratitis. To determine if oral acy- 
clovir prevents postoperative HSV-1 
recurrences that may lead to severe 
stromal keratitis and graft failure, a 
rabbit corneal autograft model, de- 
scribed earlier,’ was used to detect the 
rate of HSV-1 recurrences with and 
without prophylactic oral acyclovir. 


MATERIALS AND METHODS 
Establishment of Latency 


New Zealand white female rabbits (2to3 
kg) were inoculated bilaterally with 10° 
plaque-forming units of HSV-1 (McKrae 
strain). Following slit-lamp examination, 
the inoculum was placed into the conjunc- 
tival cul-de-sacs of both eyes of each rabbit 
and the eyes were rubbed gently with the 
lids closed for 30 seconds. A dendritic kera- 
titis appeared 3 to 5 days later, in 100% of 
the inoculated eyes. Lesions resolved over a 
15-day period and surviving rabbits were 
assumed to harbor latent HSV. 


PKP 


Thirty-one days after infection, uniocu- 
lar autograft PKPs were performed on 21 
rabbits exhibiting clear corneas by biomi- 
croscopy. None of the 21 infected rabbits 
had positive HSV-1 ocular cultures on the 
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‘day prier to or en the day of surgery. All 
‘grafts were performed by one surgeon 
-{C.F3.). The animals were sedated with 20 
mg & mtramuseular chlorpromazine hy- 
-drochloride, fellewed by 60 to 70 mg of in- 
travenous pentobarbital sodium given 
slowly. Intravenous mannitol sodium hy- 
_droxile(16 mL of a 25% solution) was given 
te lewer vitreous pressure. Topical pro- 
parasaine hydrochloride was dropped onto 
the eye and theee 6-0 silk sutures were 
passed through sartial-thickness sclera in 
three quadrants: The sutures were tied to 
the lid speculum to proptose the eye 
- À “5mm Hessburg-Barron vacuum tre- 
_ phine was used to make a full-thickness in- 
eision Once the anterior chamber was en- 
tered, heparin (200 U/mL) was dropped 
onto the cornea to inhibit aqueous clot for- 
tration. The inc sion was completed with 
--gorn@alscissors, and the cornea was rotated 
- 99° andisutured with 16 interrupted and one 
ranréng 10-0 mrlon sutures. During the 
procedure, hyalaronate sodium (Healon) 
was ‘njected into the anterior chamber to 
prevent iris adhesion to the corneal wound. 
Gentamicin sulfate (4 mg) and dexametha- 
-sonesodium phosphate (1.2 mg) were given 
subeonjunctivally at the end of the proce- 
l dure 


KSV-1 Colection and Culture 


C Preocular sear film was collected from 
the sabbit eyes on a sterile Dacron-tipped 

wat by gentie sotation of the swab in the 
< ypper cul-de-sac and then into the lower 
. forn k, where the swab was allowed to ab- 
> aprb the tear film for 5 seconds. Care was 
takea to avoid swabbing the cornea to min- 
iniz damage to the corneal epithelium. 
Eack swab was immediately placed in a 
tube tontainiag zissue culture medium and 
confiaent African green monkey kidney cell 
(CV-1) monolayers. The tubes were incu- 
“i for 18 te 24 hours at 37° C. Subse- 
wtlv, the swabs were squeezed against 
ide of tae tubes to eliminate excess 
-mediam and removed. The tubes were mon- 
tored three times a week for the appear- 
ance of cytepathic effect indicative of 
HSW- 


























Experimental Design 


oco Peor to avtowraft PKP, the HSV-1 la- 
- tentiy infected rabbits were randomly di- 
- <ided iato twe groups. In group 1 (rabbits 1 
-throagh 11), the operated-on eyes were 
treated with subconjunctival dexametha- 
‘sonedmmediatety after autograft PKP and 
topieal dexarmetaasone ointment (Maxidex) 
= every Gay for the first postoperative week, 
themevery otaer day for 11 weeks. The rab- 
hits in group 1 also were used in another 
experiment to determine the effect of post- 
- gperstive cortice steroid therapy on the rate 
ef herpetic recurrences.’ In group 2 (rabbits 
12 through 21), the operated-on eyes were 
given dexamethasone in the same manner 

















as geoup 1; hewever, starting 2 days before 
sraft PKP, -he rabbits were given 3 mg 





‘dovir sodum per milliliter of drink- 
ater. Intravenous acyclovir sodium (1 
< g) was administered while the rabbits were 
. gnegthetized during surgery. The oral acy- 
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HSV-1-infected Eyes 
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No Acyclovir Acyclovir 
HSV-1 Sodium, Treated, Uninfected Eyes, 
Recurrences No. (%) No. (%) No. (%) 
Positive HSV-1 No. of eyes 9/11 (82) 0/10 (0) ND 
ocular cultures No. of cultures 31/345 (9.0) 0.405 (0) ND 
SPK No. of eyes 11/141 (100) 9/10 (90) 2/4 (50) 
No. of observations 84/345 (24.3) 59/405 (15.4) 5/196 (2.6) 
Dendrites _No. of eyes 1/11 (9) 1/10 (10) 0/4 (0) 
No. of observations 3/345 (0.9) 1/405 (0.2) 0/196 (0) 
Epithelial ulcer No. of eyes 9/11 (82) 1/10 (10) 0/4 (0) 
B No. of observations 46/345 (13.3) 3/405 (0.7) 0/196 (0) 
Stromal keratitist No. of eyes 5/9 (56) 1/84¢ (12) 0/4 (0) 


*HSV-1 indicates herpes simplex virus type 1; SPK, superficial punctate keratitis; and ND, not done. 

+The total number of eyes in the HSV-1 -infected rabbits decreased from 11 to 9 in the non~acyclovir-treated 
group and from 10 to 8 in the acyciovir-treated group owing to postoperative coreplications in 4 eyes that pre- 
cluded observation of stromal keratitis. 

¢During the perioperative period, acyclovir was given for 10 days to all eight eyes. Five of the eyes received 
additional acyclovir for 15 days beginning postoperative day 24 and none of the five had stromal keratitis de- 
velop. 





HSV-1 
Recurrences 
Positive HSV-1 No. of eyes 
ocular cultures No. of cultures 
SPK No. of eyes 


No. of observations 


No. of eyes 
No. of observations 


Dendrites 


No Acyclovir Sodium, 


Acyclovir Treated, 


No. (%) No. (%) 
1/8 (12.5) 1/8 (12.5) 
1/286 (0.3) _ 5/348 (1.4) 
2/8 (25.0) 2/8 (25.0) 
3/286 (1.0) 4/348 (1.1) 
0/8 (0) 1/8 (12.5) 
0/286 (0) 3/348 (0.9) 


*HSV-1 indicates herpes simplex virus type 1; SPK, superficial punctate keretitis. The HSV-1 cultures and 
slit-lamp observations began the day after surgery on the contralateral eye. Nore of the unoperated-on eyes 
had epithelial (geographic) ulcers or stromal keratitis develop postoperatively. Three of the 11 eyes not treated 
with acyclovir and 2 of the 10 eyes treated with acyclovir were excluded becausa they had corneal neovascu- 


larization and scarring from the acute HSV-1 infection. 


clovir therapy was continued for 8 days fol- 
lowing autograft PKP on all 10 rabbits. 

The amount of acyclovir available for the 
experiment was limited; however, in an at- 
tempt to prevent the later onset of HSV 
stromal keratitis, 5 of the 10 rabbits re- 
ceived an additional 15 days of oral acyclo- 
vir therapy beginning the 24th postopera- 
tive day. The rabbits consumed an average 
of 377 mL of drinking water (1131 mg of 
acyclovir sodium) per day (concentrations 
of serum acyclovir in rabbits that have been 
shown to be effective against McKrae strain 
HSV-1 in tissue culture have been obtained 
by others using only 1 mg of acyclovir 
sodium per milliliter of drinking water). 
Four rabbits not infected with HSV-1 
served as surgical controls and received 
corticosteroids as described for the groups 
above. 

For the first 8 postoperative days, daily 
ocular surface cultures and slit-lamp ex- 
aminations (with fluorescein) were per- 
formed on both eyes of all HSV-1-infected 
rabbits to look for viral shedding, nonspe- 
cific staining, dendrites, epithelial ulcers, 
and stromal disease. Thereafter, cultures 
and examinations were repeated every 
other day for the remaining 82 days of the 
investigation or until stromal keratitis ap- 
peared. Ocular cultures were not obtained 
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in the uninfected operated-on eyes; how- 
ever, slit-lamp examinations were per- 
formed. An analysis of data was performed 
using x°.” 


RESULTS 


The number of eyes in each group as 
well as the number of ocular HSV-1 
cultures and slit-lamp examinations 
demonstrating HSV-1 recurrences 
during postoperative days 1 through 90 
are listed in Tables 1 and 2. In the op- 
erated-on eyes rot treated with acy- 
elovir, positive HSV-1 cultures oc- 
curred in 9 (82%) of 11 eyes (Table 1). 
Of the total number ef ocular swabs 
performed on the eyes in this group, 31 
(9%) of 345 were positive for HSV-1. 
The incidence of HSV-1 ocular shed- 
ding was greatest on postoperative day 
4 when 6 (55%) of 11 of the operated- 
on eyes not treated with acyclovir had 
positive HSV-1 cultures (Fig 1). In the 
operated-on eyes treated with acyclo- 
vir, however, none of 10 had positive 
HSV-1 cultures postoperatively. Acy- 
clovir completely suppressed HSV-1 
shedding during the first 15 postoper- 
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day, ocular HSV-1 cultures and slit- 
~ lamp examinations were performed on 
-the unoperated-on, opposite eye of 
-each rabbit to detect spontaneous 
- HSV-1 recurrences (Table 2). In the 
. unoperated-on eyes not treated with 
acyclovir, 3 of the 11 eyes were ex- 
cluded because they had corneal ne- 
-ovascularization and stromal scarring 
-from the acute HSV-1 infection. In the 
‘remaining. unoperated-on eyes not 
‘treated with acyclovir, spontaneous 
-HSV-1 shedding occurred in 1 (12.5% ) 
-of the 8 eyes. In the acyclovir-treated 
group of unoperated-on eyes, 2 of the 
‘10 eyes were excluded because of cor- 







eS, 
edding was detected in 1 (12.5%) of 
he 8 eyes. Therefore, acyclovir did not 
<- -significantly alter the rate of spontane- 
_ vous viral shedding in the unoperated- 
on eyes. Note, however, that in the 
acyclovir-treated eyes, HSV-1 shed- 

‘ding occurred when acyclovir therapy 
was withheld, and HSV-1 shedding 
stopped. when acyclovir therapy was 
resumed (Fig 2). 

-> During the 90-day postoperative ob- 
servation period, superficial punctate 
keratitis (SPK) appeared in all groups 

of operated-on eyes: in 11 (100%) of 11 
of the operated-on eyes in the non- 
acyclovir-treated rabbits, in 9 (90% ) of 

~ © 10-of the eyes in the acyclovir-treated 

_ rabbits, and in 2 (50%) of 4 of the eyes 
in the uninfected rabbits (Table 1). 
Eighty-four (243%) of 345 of the 
=o slit-lamp examinations performed on 
the non-acyclovir-treated operated-on 
eyes and 59 (15.6%) of 405 of the 
>. examinations on the acyclovir-treated 
-> operated-on eyes revealed a superficial 
== punctate staining pattern (SPK) 
<= {Table 1). Acyclovir significantly re- 
=> duced the duration of SPK in the oper- 
= ated-on eyes (P <.01). In the nonin- 
© fected operated-on eyes, SPK appeared 
> in 5 (2.6%) of 196 of the slit-lamp ex- 
< aminations. Finally, in the opposite 
© unoperated-on eyes, SPK appeared in 1 
< (42.5%) of 8 of the eyes in both the 
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Fig 1.—Daily percentage of operated-on eyes demonstrating geographic epithelial ulceration and 
positive herpes simplex virus type 1 (HSV-1) ocular cultures. The asterisk indicates that there were 
no positive HSV-1 ocular cultures in the acyclovir sodium-treated rabbits from the operated-on 
eyes; however, a geographic ulcer developed in one after 3 to 5 days; the dagger, the number 
of eyes with positive herpes simplex virus cultures or geographic ulcers divided by the total num- 
ber of eyes in each group; and the double dagger, penetrating keratoplasty was performed on day 
0. Acyciovir-treated rabbits received oral acyclovir beginning 2 days before surgery, intravenous 
acyclovir at the time of surgery, and oral acyclovir for 8 days after surgery. 


Approximately 72 hours after acute 
infection, multiple dendritic lesions 
appeared over the entire surface of the 
corneal epithelium in all eyes. The 
dendritic lesions coalesced into geo- 
graphic ulcers that resolved over a pe- 
riod of 1 to 2 weeks. Postoperative re- 
current dendritic lesions appeared 
usually singly, were located centrally, 
and lasted for only 1 to 3 days. One 
(9%) of 11 of the  non-aey- 
clovir-treated, 1 (10%) of 10 of the 
acyclovir-treated, and none (0%) of 4 
of the uninfected eyes had dendrites 
develop postoperatively (Table 1). 
There was no significant difference 
in number of postoperative dendritic 
lesions between the non-acy- 
clovir-treated and acyclovir-treated 
operated-on eyes (P = .24). Dendrites 


_ appeared infrequently in the opposite 
: unoperated-on eyes as well. None of 
its: the eight non-acyclovir-treated rab- 
>) bits had spontaneous dendritic lesions 
in the unoperated-on eyes. However, 1 

re (12.5% ) of 8 of the unoperated-on eyes 
>= = in the acyclovir-treated rabbits had 


two small dendrites develop (Table 2). 
The dendrites lasted for 3 days, ap- 
peared only when acyclovir therapy 
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was discontinued, and resolved when 
acyclovir therapy was resumed (Fig 2). 

Central epithelial geographic ulcers 
appeared only in the operated-on eyes 
latently infected with HSV-1. In rab- 
bits not treated with acyclovir, geo- 
graphic ulcers were observed in 9 
(82% ) of 11 of the operated-on eyes and 
in 46 (13% ) of 345 of the slit-lamp ex- 
aminations (Table 1). Of these eyes, 7 
(78% ) of 9 were HSV-1 culture positive 
during the time of the geographic ul- 
cer. The lesions were noted as early as 
the first postoperative day and lasted 


for up to 14 days (Fig 1). The highest 


incidence occurred on postoperative 
day 3 when 6 (55%) of 11 of the eyes 
demonstrated geographic ulcers. In 
the operated-on eyes treated with acy- 
clovir, however, a geographic ulcer ap- 
peared in only 1 eye (10%) during 
postoperative days 3 through 5. Aey- 
clovir significantly reduced the ap- 
pearance and duration of postopera- 
tive geographic lesions (P < .01). | 

On postoperative days 6 and 18, slit- ~~ 
lamp examinations and ocular cul- 
tures were discontinued on two rabbits 
in the group not treated with acyclovir 
because one had angle closure glau- 
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Fe 2.-~-Dailly percentage of unoperated-on eyes demonstrating dendrites and positive herpes 
- sieaplex virus type 1 (HSV-1) ocular cultures. The asterisk indicates there were no dendrites ob- 
 geeved in the ron-acyclovir sodium-treated unoperated-on eyes; the dagger, the number of eyes 
yeh positiveherpes simplex virus cultures or dendrites divided by the total number of eyes in each 
grou and thedouble dagger, penetrating keratoplasty was performed on day O. Acyclovir-treated 


Bes 


ats received oral acyclovir beginning 2 days before surgery, intravenous acyclovir at the time 


_ @ surgery, and oral acyclovir for 8 days after surgery. Five acyclovir-treated rabbits received an 





wana and the other had severe, puru- 

lent conjunctivitis. Of the nine oper- 

eted-on eyes remaining, five (56% ) of 

rine of the eyes later had stromal 

keratitis develop (Table 1). Of particu- 
Yar interest, four (80%) of five of the 
eyes with stromal keratitis had geo- 
-graphic ulcers previously. In the acy- 
vir-treated group, observations and 
tures were stopped on two rabbits 
astoperative days 8 and 18 because 
gle closure glaucoma. Of the eight 
perated-on eyes in the acyclovir- 
ated group remaining, one (12% ) of 
wht had stromal keratitis develop 
Fable 1). None of the five eyes that 
vere treated with the additional acy- 
_ @lovir for 15 days starting on postop- 
o @¥ative day 24 had stromal keratitis 
- develop. Considering these eyes only, 
_-peyclovir significantly reduced the in- 
` dence of stromal keratitis in postau- 
--tograft PKP eyes (P < .05). 

Stromal keratitis was characterized 
by superficial to deep stromal infil- 
rates, localized corneal vasculariza- 
ion, and varying degrees of overlying 
nelial ulceration. Stromal kerati- 
is appeared in the steroid-treated au- 
segraft PKP eyes between the 24th and 
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ditional 15 days of oral acyclovir therapy starting on postoperative day 24. 


the 82nd postoperative days (Fig 3) 
and resulted in graft failure in all 
eases. When herpetic stromal keratitis 
developed in grafted eyes, observa- 
tions ceased since the lesions were ne- 
crotizing and severe necessitating kill- 
ing of the rabbit. In the acyclovir- 
treated rabbits, in one of the operated- 
on eyes stromal keratitis developed, 
but the necrosis was less severe and did 
not result in graft failure. None (0%) 
of the five rabbits that received addi- 
tional oral acyclovir during postoper- 
ative days 24 through 39 had stromal 
keratitis develop (Table 1). In the 90 
days of observation, none of the unop- 
erated-on HSV-1l-infected eyes and 
none of the non-HSV-1-infected au- 
tograft PKP surgical control eyes had 
stromal keratitis develop. 


COMMENT 


Currently, topical antivirals are ad- 
ministered prophylactically to prevent 
herpetic recurrences while corticoste- 
roids are being applied postoperatively 
to reduce inflammation and the risk of 
allograft rejection. Although the effi- 
cacy of topical antiviral drugs has been 





demonstrated is “he nonsurgical 
setting, topical antivirals applied to- 
healing epithelium produce detectable ~ 
biomicroscopic aad histologie 
changes and diminish the strength of » 
corneal wounds.” In addition, cur- 
rently available tepical antiviral drugs 
exert a minima. effect on stromal 
keratitis?’ and have ne advantage in 
preventing herpecic vecurrences after 
keratoplasty.” Since oral acyclovir - 
reaches the site cf herpetic ganglionic ~ 
latency,'? oral acyclovir may be more ` 
efficacious in prevenzing HSV reacti- ~ 
vation before the vir 
infects the cornea. 
In the rabbit aatograft PKP 





model, | 
we demonstratedearier that the com 
bination of surgery snd postoperative 
dexamethasone reactivated la 
HSV-1 and signifcartly increased the 
number and deration of herpetic: 
recurrences’? Compared with unoper- 
ated-on eyes not treated with the cor- 
ticosteroid, operated on eyes that were. 
treated with postoperative dexa-- 
methasone demcnstzated longer and. 
more frequent episedes of viral shed- 
ding. In addition large geogra 

















ithelial lesions and stromal disease __ 
developed only in tae corticosteroid- | 
treated operatec-on eyes. We postu- = 
lated that cornecl nerve damage from 
yere oo 
[SV-1 reactivation: 
Since corticosteroics increase HSV 
izro,” the addition of = 





PKP and subseqrent corneal ner 
generation led tc 








replication in v dition of 
dexamethasone prebably enhanced — 
PKP-induced H£V-? reactivation, re- 
sulting in longerper:ods of viral shed- 
ding, large central geographic ulcers, 
and stromal! keraticis. Recently, Lo- 
kensgard et al** vere able to reactivate 
bovine HSV-1 in4datently infected rab- 
bits 15 to 18 hours after treating with 
a single intravenous dose of dexa- 
methasone or topical application of 


prednisolone. It .s possible, therefore, 
sive dexamethasone _ 





that postoper | 
was partially responsible for HSV-1 


reactivation in our rabbit PKP model. ee 
In the preseat ‘nvestigation, the = 


same experimenzal model was used to 
determine if acyclovir can prevent 
HSV-1 recurrences after autograft 
PKP and postopera:ive corticosteroid 
therapy. Systemic ecyclovir adminis- 
tered prophylaztically immediately 
before and duriag <nticipated HSV-1 
recurrences sign:ficently reduced post- 





operative HSV shedding, epithelial. an ; 


geographic ulcers, and stroma! kerati- 
tis. In an earier investigation by 


Kaufman et al,'“oral acyclovir sodium — 7 p 
(1 mg/mL of drnking water) did not 


significantly redace spontaneous HSV- 


1 recurrences in latently infected rab- ee 
bits. Similar to -her observations, we < 
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Fig 3.-—Cumulative percentage of operated-on eyes in which stroma! keratitis developed. The as- 
terisk represents the cumulative number of eyes in which stromal keratitis developed divided by 
the total number of eyes in each group. Four eyes with operative complications were excluded. 
The dagger indicates that penetrating keratoplasty was performed on day 0. Acyclovir sodium- 
treated rabbits received oral acyclovir beginning 2 days before surgery, intravenous acyclovir at 
the time of surgery, and oral acyclovir for 8 days after surgery. Five of the eight acyclovir-treated 
rabbits received an additional 15 days of oral acyclovir therapy starting on postoperative day 24; 
the double dagger indicates that none of the five had stromal keratitis develop. 


found that acyclovir was unable to 
significantly reduce spontaneous HSV- 
1 recurrences in the unoperated-on 
eyes. This may have been due to the 
overall low rate of spontaneous HSV-1 
recurrences in both the non-acyclovir- 
and acyclovir-treated rabbits. In one 
unoperated-on eye, however, HSV-1 
ocular shedding occurred and a den- 
drite appeared when acyclovir therapy 
was withheld. Once acyclovir therapy 
was resumed, HSV-1 shedding stopped 
and the dendrite resolved (Fig 2). 
Others have reported that prophy- 
` lactic oral acyclovir suppresses recur- 
-> rent HSV infection in patients receiv- 


ing immunosuppressive drugs while 


undergoing bone marrow or organ 


: transplants.“ In immunocompetent 


_. patients with recurrent genital HSV, 
<- Several studies** revealed that 200 mg 
- of oral acyclovir sodium two to five 
_ times a day for up to 6 months pre- 
< vented or reduced the frequency and/ 
=- or severity of HSV recurrences in more 


. than 95% of patients. In the treatment 
of herpes zoster ophthalmicus, oral 


acyclovir sodium (600 to 800 mg five 


times a day for 10 days) decreases the 
duration of zoster skin eruptions and 
viral shedding, reduces inflammatory 
ocular complications, and decreases 
the frequency of microdissemination if 
given at an early stage of infection.” 

Several clinical trials have demon- 
strated the efficacy of oral acyclovir in 
the treatment of HSV keratitis.: Re- 
cently, Schwab” reported a beneficial 
effect of oral acyclovir therapy in 23 
patients with HSV keratitis. Twenty of 
the patients had active stromal kera- 
titis or keratouveitis; 4 who had ec- 
zema and a history of HSV ocular in- 
fections underwent intraocular sur- 
gery. The patients were treated with 
200 mg of oral acyclovir sodium five 
times daily for 14 to 21 days, then the 
dosage was tapered to two to three 
times daily. All of the 20 patients with 
active stromal keratitis or keratouvei- 
tis improved and all 4 of the patients 
receiving prophylactic antiviral ther- 
apy after surgery were disease free 
while receiving the drug. Presently, a 
study (Herpetic Eye Disease Study) 
supported by the National Eye Insti- 


1204 Arch Ophthalmoil—Vol 107, August 1989 








tute, Bethesda, Md, involving eight 
clinical centers, is under way to evalu- 
ate the efficacy of oral acyclovir in the 
treatment of herpetic stromal kerati- 


tis and iridocyclitis in patients receiv- % 


ing topical corticosteroids. 

Adverse effects of acyclovir include 
reversible renal damage caused by 
deposition of crystals in the renal tu- 
bules, reversible bone marrow toxie 
reactions, diarrhea, and potential mu- 
tagenicity, since acyclovir can be in- 
corporated into DNA.” Resistant 
strains have not been found after 4 
months of suppressive therapy, but 
long-term suppressive therapy may 
result in the development of drug 
resistance.**? Most of the resistant 
isolates found to date have been ob- 
tained from immunccompromised pa- 
tients who received multiple courses of 
therapy for active infection.” 

Penetrating kerateplasty with post- 
operative corticosteroids exacerbates 
HSV recurrences in rabbits. The same 
mechanism of HSV reactivation in our 
rabbit model may oceur in humans la- 
tently infected with herpesvirus. Fur- 
ther clinical studies will be necessary 
to document this. Although oral acy- 
clovir has not been approved by the US 
Food and Drug Administration for 
ophthalmic use, prophylactic oral acy- 
clovir in patients after PKP for HSV 
keratitis may significantly reduce 
HSV recurrences during postoperative 
corticosteroid therapy. Further well- 
controlled clinical trials are needed to 
demonstrate the effieacy of oral acy- 
clovir for this purpose. 
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for Visualizing Atypical Mycobacteria 


‘Mitchell Jackson; Roger Chan; Alice Y. Matoba, MD; Jeffrey B. Robin, MD 


= @ We investigated the feasibility of 
using fluorescein-conjugated lectins for 
visualizing and differentiating two spe- 
< eles of atypical mycobacteria. Pure cul- 
_ tures of Mycobacterium fortuitum and 
© Mycobacterium chelonei were estab- 
lished, as was an experimental model of 
infectious keratitis involving these two 
organisms. Samples from the pure cul- 
tures and corneal scrapings were placed 
on glass slides, fixed, and incubated with 
one of a panel of 22 fiuorescein-conju- 
gated lectins. The slides were examined 
using an epifluorescence microscope. 
-Fluorescein-conjugated concanavalin A 
‘brightly stained both species of atypical 
-mycobacteria, in both the pure culture 
and experimental keratitis samples. Sev- 
era! additional fluorescein-conjugated 
lectins (wheat germ agglutinin, succiny- 
lated wheat germ agglutinin, Phaseolus 
vulgaris erythroagglutinin, and Psopho- 
=- Garpus tetragonolobus agglutinin) brightly 
stained M chelonei, but only moderately 
< stained M fortuitum. These staining pat- 
terns are consistent with the known car- 
_ bohydrate compositions of the cell walls 
of atypical mycobacteria and suggest that 
= fluorescein-conjugated lectins may be 
-useful for the visualization of these orga- 
<. nisms in corneal infections. 
{Arch Ophthaimol. 1989;107:1206- 
1209) 
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The atypical mycobacteria are ubiq- 
uitous organisms that are found 
particularly in soil and water? Gen- 
erally not associated with disease in 
humans, they are being more com- 
monly recognized as facultative 
pathogens. Runyon? classified the 
nontuberculous mycobacteria into 
four groups, with the so-called rapid 
growers (Mycobacterium chelonei and 
Mycobacterium fortuitum) belonging 
to group IV. In ophthalmology, these 
species of atypical mycobacteria have 
recently been identified as possible 
causative agents in cases of chronic 
infectious keratitis, particularly fol- 
lowing corneal surgery or trauma.” 
Corneal infections caused by atypi- 
cal mycobacteria are difficult to diag- 
nose. Their clinical course is quite 
indolent, and the typical appearance 
of fluffy stromal infiltrates, although 
suggestive of mycobacteria, is not 
pathognomonic. Diagnosis and insti- 
tution of appropriate therapy there- 
fore not only requires a heightened 
degree of clinical suspicion but also 
necessitates laboratory tests. Success- 
ful growth of M chelonei and M fortu- 
itum requires specialized media and 
may take up to 7 days. Rapid detection 
of these organisms, therefore, gener- 
ally involves staining samples of the 
infected tissue. Several specialized 
staining procedures have been suc- 
cessfully used for the detection of 
tuberculous and atypical mycobacte- 
ria, including Ziehl-Neelsen, Kinyoun 
carbolfuchsin, and auramine-rhoda- 
mine.** These staining techniques can 


be time-consuming and require spe- 


cialized expertise. Additionally, these 
procedures are not capable of provid- 
ing speciation of atypical mycobacte- 
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ria; for this, time-consuming and 
complex biochemical tests are re- 
quired.**}! 

We have previously demonstrated 
that fluorescein-conjugated lectins 
(FCLs) can be used to visualize the 
presence of several species of fungi 
and bacteria, as well as acanthamoe- 
bae.’ In a further attempt to inves- 
tigate the efficacy of this technique, 
we report herein our experience with ~“ 
the use of FCLs for the visualization 
and differentiation of M chelonei and 
M fortuitum, the two species of atypi- 
cal mycobacteria that have been most 
commonly implicated in corneal infec- 
tions. 

MATERIALS AND METHODS 


This study was condueted in two phases. 
In the first phase, samples of atypical 
mycobacteria from pure cultures were 
examined. In the second phase, corneal 
scrapings from an experimental model of 
atypical mycobacteria) keratitis were 
investigated. 


Mycobacterial Cultures 


For the first phase of this study, authen- 
tic ocular pathogenic strains of M chelonei 
and M fortuitum were ebtained from the 
microbiology laboratories of the Baylor >- 
College of Medicine, Houston, Tex. “The: 
mycobacterial organisms were transferred _ 
to Lowenstein-Jensen culture medium and — 

MET S 










microscope slides. The slides wer 
dried and fixed by soaking in cold ( 
95% alcohol for 5 minutes, 0 0 le 


Experimental Keratitis 


For the second phase of this study, cor- 
neas from 30 female, 200-g, Hartley out- 
bred guinea pigs were used. The animals 






Lectins and Mycobacteria—Jackson et al 


Table 1.— CL Staining of 
Mycobacteria in 
Pure Cultures * 


Mycobacterium Mycobacterium 
chelonei fortuitum 


OCONOmHN 42 042O0O0N0O0ONN2 2227+ 0°F 


4 
1 
O 
2 
1 
1 
1 
3 
3 
2 
0 
3 
o 
O 
0 
1 
1 
1 
3 
O 
0 





“PEL indicates fluorescein-conjugated lectins; 
Con Æ concanavalin A; LCA, Lens culinaris aggluti- 
nin: PSA. Pisum sativum agglutinin; SJA, Sophora 
japormeca agglutinin; BSLI, Bandeiraea simplicifolia 
lectin | SBA, soybean agglutinin; PNA, peanut agglu- 
tinin; WGA, wheat germ agglutinin; SWGA, succiny- 
lated" WGA: DBA, Dolichos bifloris agglutinin; PHAL, 
Phaseolus vulgaris \eukoagglutinin; PHAE, P vulgaris 
eryihroagglutinin: UEA, Ulex europaeus agglutinin; 
BSiL-84, B simpiicifolia isolectin B4; BPA, Bauhinia 
purpurea agglutinin; CAA, Caragna arborescens 
ag@lunnin; ECA, Erythrna cristagalli agglutinin; LEA, 
Lyeogersicon esculentum agglutinin; PCT, Psopho- 
carpus tetragonolobus agglutinin; VVA, Vica villosa 
agglutinin; and ESLII, 6 simplicifolia \ectin Il. Fluores- 
cence ratings are as follows: 0, no visible fluores- 
cence 1. minimal; 2, moderate; 3, bright; and 4, very 


bright. 


were heused at the animal care facility of 
the Baylor College of Medicine. They were 
housed and cared for according to the 1983 
Asseriation for Research in Vision and 
Ophthalmology Resolution for the Care of 
Animals in Research. 

Tke guinea pigs were infected with 
M chelonei or M fortuitum using a previ- 
ously described protocol. Basically, a sus- 
pension of each mycobacterial species was 
made to a concentration of 400 X 10° colo- 
ry-ferming units per milliliter by McFar- 
land's technique, from which 0.02 mL was 
injected directly into the corneal stroma 
using a 30-gauge needle. No pretreatment 
steroids were used, and control corneas 
were injected with equal numbers of heat- 
killed organisms. 


FCLs 


A panel of 22 commercially available 
FCLs (Vector Laboratories, Burlingame, 
Caliz, or Sigma Chemical Co, St Louis, Mo) 
was used im this study. These FCLs, 
selected because of the wide range of car- 
bohnwdrates to whieh they collectively could 
bind. included the following: concanavalin 
A (Son A), Lens culinaris agglutinin, 
Pisum sativum agglutinin, Sophora japoni- 
ca agglutinin, Bandeiraea simplicifolia 
lectin I, soybean agglutinin, peanut agglu- 
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Fig 1.—Fluorescent photomicrograph of Mycobacterium chelonei, taken from pure culture, 
following incubation with fluorescein-conjugated concanavalin A. Note bright staining of bacilli 
(arrows) (original magnification X333). 


tinin, wheat germ agglutinin (WGA), suc- 
cinylated WGA (SWGA), Dolichos bifloris 
agglutinin, Phaseolus vulgaris leukoag- 
glutinin, P vulgaris erythroagglutinin 
(PHAE), Ulex europaeus agglutinin, B 
simplicifolia isolectin B4, Bauhinia pur- 
purea agglutinin, Caragna arborescens 
agglutinin, Erythrina cristagalli aggluti- 
nin, Lycopersicon esculentum agglutinin, 
Psophocarpus tetragonolobus agglutinin 
(PCT), Vica villosa agglutinin, B simplici- 
folia lectin II, and Solanum tuberosum 
agglutinin. 


FCL Binding Technique 


A previously described protocol? was 
slightly modified for use in this study. 
Each FCL was diluted to a concentration of 
0.02 mg/mL by mixing 5 uL of the FCL 
with 495 uL of Tris (hydroxymethyl)-ami- 
nomethane benzoate (TRIS) buffer (pH 
7.4). The fixed slides were covered by a 
solution of TRIS and 0.03% bovine serum 
albumin at a pH of 7.2 for 5 minutes. The 
slides were drained of excess buffer and 
reincubated in TRIS alone for 5 minutes. 
Then, 100 uL of the diluted FCL was placed 
on each slide, which remained in a humid- 
ified chamber for 20 minutes in the dark at 
room temperature. The slides were rinsed 
with TRIS and mounted with cover glasses 
using an aqueous, nonfluorescing mount- 
ing medium (Immu-Mount). The slides 
were examined using an epifluorescence 
microscope (Leitz Laborlux D) and photo- 
graphs were taken using an Olympus OM-2 
camera using Ektachrome 800/1600 ASA 
film (exposure index 1600). An indepen- 
dent examiner graded the degree of orga- 
nism fluorescence on a scale from 0 (no 
staining) to 4+ (very bright staining). A 
minimum of three experimental examina- 
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tions of an individual mycobacterial spe- 
cies and an individual FCL was per- 
formed. 


Centrols 


A modified ZiehLNeelsen staining tech- 
nique" was applied to selected slides 
from the corneal scrapings to confirm that 
the FCL-stained intraeellular bacilli were 
indeed acid-fast bacteria. To determine the 
specificity of the FCL staining, both nega- 
tive and positive centrel studies were per- 
formed with each experimental trial. Posi- 
tive controls consisted of incubating fixed 
slides with both an FCL and a nonspecific 
sugar. Conversely, negative controls 
involved incubating the fixed slides with a 
mixture of an individual FCL and its 
known specific sugar. The sugars (Sigma 
Chemical Co) included 0.5 mol/L of 
methyl-a-D-mannopyranoside, D-galac- 
tose, L-fucose, N-acetyl-p-glucosamine, 
and N-acetyl-D-galactosamine. 


RESULTS 


We found that FCL incubation with 
the samples from pure cultures of 
M chelonei and M fortuitum produced 
a definite and reproducible staining 
pattern (Table 1), allowing consistent 
visualization of the bacilli. Fluoresce- 
in-conjugated Cen A (F-Con A) pro- 
duced the brightest degree of orga- 
nism fluorescence (4+) for both spe- 
cies (Fig 1). Fluorescein-conjugated 
WGA, SWGA, PHAE, and PCT 
stained M chelonei brightly (3+) but 
stained M fortuitum only moderately 
(2+). The remaining 17 FCLs pro- 
duced either minimal (1+) or no (0) 
organism fluorescence. 
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Fig 2.—Fluorescent photomicrograph of scraping taken from guinea pig cornea that had been 
experimentally infected with Mycobacterium fortuitum. Note that incubation of the specimen with 
fluorescein-conjugated concanavalin A produced bright staining of clusters of several bacilli 


For the experimental keratitis 
phase, typical stromal infiltrates were 
observed in all experimental corneas 
by postinjection day 3. The infection 
progressed such that, by postinjection 
day 10, intrastromal abscesses and 
dense vascularization had occurred in 
all experimental eyes. Selected 
smears from the corneal scrapings 
that were stained with the modified 
Ziehl-Neelsen stain confirmed the 
presence of the acid-fast bacteria. 
None of the control corneas developed 
any infiltrates during this period. 

Because F-Con A produced the 
brightest degree of organism fluores- 
cence for both species from pure cul- 
ture samples, it was used to visualize 
organisms in the experimental kerati- 
tis samples. The F-Con A produced 
very bright (4+) staining of both 
M fortuitum (Fig 2) and M chelonei in 
the corneal scrapings. Background 
corneal cells and tissue showed mini- 
mal fluorescence with this FCL, 
allowing easy visualization of the 
stained microorganisms. In both the 
pure culture and experimental kerati- 
tis samples, the rods of M chelonei 
appeared wider and longer compared 
with those of M fortuitum. 


COMMENT 


Lectins are glycoproteins that have 
the capability of binding specifically 
to carbohydrate moieties,” including 
those found in microbial cell walls. 
Having knowledge of the specific cell 
wall carbohydrate compositions has 
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already resulted in the successful use 
of FCLs to bind to, and thus allow 
visualization of, several pieces of fun- 
gi, bacteria, and acanthamoebae (Ta- 
ble 2),12-15.20 

The present study has demon- 
strated the efficacy of using commer- 
cially available FCLs to visualize and 
differentiate two species of atypical 
mycobacteria that have been docu- 
mented to cause corneal infections. 
Specifically, we observed that one 
FCL, F-Con A, very brightly stained 
both species of organisms, whereas 
four additional FCLs stained M chel- 
onei brightly while staining M fortu- 
itum only moderately. 

Mycobacteria are aerobic, slightly 
curved, or straight bacilli that range 
in size from 0.2 to 0.6 um in width and 
1.0 to 10.0 um in length.» In the 
present study, this variability in size 
and shape was appreciated between M 
chelonei and M fortuitum, with the 
former being slightly larger and more 
curved in appearance. 

The cell wall of the atypical myco- 
bacterium is a complex structure; 25% 
of its dry weight exists as free lipids 
and 75% exists as the so-called cova- 
lent skeleton, a peptidoglycan-glyco- 
lipid complex.” The precise biochemi- 
cal composition of this cell wall com- 
plex has not been precisely identified. 
It is known that the carbohydrate 
component of the peptidoglycan con- 
sists of a repeating disaccharide unit 
of N-acetyl glucosamine linked to 
N-glycolyl muramic acid.2*2’ The gly- 
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Table 2.—Microbial Species That 
Have Been Successfully Visualized 
Using Fluorescein-Conjugated Lectins 12-15 









Fungi 
Sporothrix schenckii 
Mucor sp 
Philalophora verrucosa 
Paecilomyces sp 
Fusarium solanae 
Fusarium oxysporum 
Aspergillus niger 
Aspergillus fumigatus 
Candida albicans 
Candida parapsilosis 
Cryptococcus laurentii 
Cryptococcus neoformans 
Acremonium kiliense 
Cladosporium carrioni 
Rhizopus sp 
Alternaria sp 
Curvularia sp 
Penicillium sp 
Absidia corymbifera 

Bacteria 
Staphylococcus epidermidis 
Staphylococcus aureus 
Streptococcus pneumoniae 
Streptococcus aureus 
Klebsiella pneumoniae 
Pseudomonas aeruginosa 
Escherichia coli 

Parasites 

Acanthamoeba castellani 

Acanthamoeba culbertsoni 

Acanthamoeba polyphaga 


































colipid represents mycolic acids ester- 
ified to an arabinogalactan (arabinose 
and galactose in a molar ratio of G2), 
Although it appears that the arabino- 
galactan is well saturated at its bind- 
ing sites, some of the arabinose units 
do form nonreducing terminal 
ends that may be more “exposed” 
for binding of lectins. Theoretically, a 
lectin that would bind arabinose 
would yield the greatest degree of 
lectin binding; however, such an arab- 
inose-binding lectin has not, to the 
best of our knowledge, been identi- 
fied. 

In addition to the arabinogalactan, 
other protein-free polysaccharides 
have been identified as part of the 
mycobacterial cell wall. These 
include arabinomannans (arabinose 
and mannose in a molar ratio of LEL 
mannans (predominantly mannose), 
glucans (polymers of approximately 
seven D-glucose units), and even arab- 
inans (predominantly arabinose). 
Other carbohydrates may be present 
in the mycobacterial cell walls, but 
they have not yet been identified. 

Concanavalin A, a derivative of jack 
bean (Canavalia ensiformis) seeds, 
avidly binds to carbohydrate residues 
containing a-D-mannose or a-D-glu- 
cose terminal groups.” Given the doc- 
umented presence of mannose and 
glucose in the cell walls of mycobacte- 
ria, it is not surprising that F-Con A 


Lectins and Mycobacteria—Jackson et al 






y stained these organisms. In 
niel and Misaki” used gas- 
uid chromatography to show that a 
n A-reacfive mycobacterial poly- 
sacckaride was composed of both 
arabinese and mannose, whereas a 
Con A-nonreactive polysaccharide 
was siraply p-arabinogalactan. 
i ‘Explaining . the avid binding of 
WGA, SWGA, PHAE, and PCT is 
t or gidenatic, Both WGA and 
WGA. selectively bind to N-acetyl 
glucesamine and its polymers, their 
bind ing is probably to the peptidogly- 
ean portion of the mycobacterial cell 
wall. Both PHA and PCT bind to 
¿N-acetyl galiactesamine’™, staining 
-these twa FCLs may be explained 
; possi ility that some of the 
s anc lipids in the cell wall 
E n the form of glycoconjugates 
and chat their carbohydrate compo- 
nents include N-acetyl galactosamine. 
The relatively selective binding of 
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WGA, SWGA, PHAE, and PCT to 
M chelonei compared with M fortu- 
itum is probably the result of as yet 
unidentified differences in the carbo- 
hydrate compositions of their cell wall 
glycolipids.” > 

The present study also demon- 
strates the efficacy of visualizing two 
species of atypical mycobacteria in 
corneal scrapings from an experimen- 
tal model of mycobacterial keratitis. 
Incubation of samples with F-Con A 
produced bright staining of these 
organisms and only minimal staining 
of background cells and corneal tissue. 
This corroborates previous studies’*" 
that have demonstrated minimal 
degrees of corneal stromal staining 
with F-Con A. 

In conclusion, these results indicate 
that FCLs, particularly F-Con A, may 
be useful for the rapid visualization of 
two species of atypical mycobacteria, 
both of which have been documented 
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to cause corneal mfeztions. Although 
several species of fungi, bacteria, and 
acanthamoebae kave been shown to 
stain brightly with F-Con A,?" we 
expect that mycebacteria should be 
easily differentiated “rom these other 
microorganisms èn the basis of size 
and shape. Given the several classes 
of microorganisms that F-Con A can 
stain, plus the mirimal degree of 
background corneal s:aining it causes, 
we believe that this FCL may prove to 
be an effective first-L.ne stain for the 
visualization of microorganisms in 
samples from cornea. infections. 
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Spontaneous Canine Keratoconjunctivitis Sicca 


A Useful Model for Human Keratoconjunctivitis Sicca: 
_ Treatment With Cyclosporine Eye Drops 


Renee L. Kaswan, DVM, MS: Mary-Alice Salisbury, DVM; Daniel A. Ward, DVM 


@ Thirty-six sequential cases of canine 
keratoconjunctivitis sicca (KCS) were 
treated with ophthalmic cyclosporine. 
The effects of topical cyclosporine were 
twofold: (1) cyclosporine increased tear 
Production by 5 mm/min or greater in ali 
cases of spontaneous KCS having an ini- 
-tial Schirmer’s Tear Test value greater 
than 2 mm/min and in 59% of eyes with 
an initial Schirmer’s Tear Test value of O 

to 2 mm/min, and (2) cyclosporine 


<- Caused marked regression of chronic cor- 


neal neovascuilarization and granulation 
even in eyes in which lacrimation failed to 
improve. Additional benefits of topical 
cyclosporine were reduced mucopurulent 


a conjunctivitis, rapid healing of nonhealing 
-~ corneal ulcers, and reduced dependence 


: on frequent topical treatments of KCS. 


Twelve normal beagles treated with topi- 
> @al- cyclosporine also had a reversible 
increase in tacrimation compared with 
> baseline or 
¿oo dogs. 


piacebo control-treated 


e (Arch Ophthalmol. 1989:107:1210- 
4246) 
(Yanine keratoconjunctivitis sicca 
eviously has been charac- 
an immune-mediated disor- 
de milarities to Sjégren’s 
syndrome** (SS) and human aqueous 













r ia, Athens 


Repr 


n 


'eterinary Medicine, University 


tear deficiency.’ The lacrimal glands 
in dogs with spontaneous KCS have 
multifocal to diffuse mononuclear cell 
infiltration.! The normal human lacri- 
mal gland has a preponderance of 
suppressor/cytotoxic T cells, suggest- 
ive of a need for T-cell immunoregula- 
tion.’ Strain MPL/Mp mice with 
Sjégren’s-like lacrimal gland patho- 
logic disease have a reversed suppres- 
sor/helper T-cell ratio in lacrimal tis- 
sue, indicative of a T-cell-mediated 
disorder. We suspected that T-cell 
activity was likewise abnormal in 
canine KCS. Therefore, we chose to 
examine the effects of topically 
applied cyclosporine, a specific T-cell 
immunosuppressant, in spontaneous 
cases of canine KCS. Topical cyclospo- 
rine dramatically increased tearing, 
decreased mucopurulent conjunctivi- 
tis, and decreased corneal granula- 
tion.’ The lacrimomimetic effect of 
cyclosporine could not be attributed 
solely to immunosuppression because 
normal beagles treated with topical 
cyclosporine showed increased tear 
secretion, and lacrimal secretion is 
enhanced by cyclosporine in ex vivo 
glands (A. Mircheff, PhD, oral com- 
munication, November 18, 1988). 
Simultaneous studies! used oral 


cyclosporine or cyclosporine and fluo- ae 
..cortolone administered to human 
patients with severe KCS and SS. Oral $ 
¿= cyclosporine (3 to 5 mg/kg/d) with- 








t requests to the College of Veterinary  l0W-dose fluocortolone (30 to 40 mg/ 
> Medicine, University of Georgia, Athens, GA 
- 80602 (Dr Kaswan). 


wk) increased tear flow and decreased 
corneal pathologic disease in one 
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study," and cyclosporine (5 mg/kg per 
day) decreased salivary gland HLA- 
DR antigen expression and cellular 
infiltrates and appeared to prevent 
progression of KCS but did not signif- 
icantly increase tearing in a second 
study." Both studies reported small 
numbers of patients and a high vari- 
ability of response and would require 
further investigation to be clinically 
useful. acd on our findings (re- 
ported herein), Williamson" adminis- 
tered ophthalmic cyclosporine solu- 
tion to human patients with severe 
KCS, 1° SS, or 2° SS. His patients also 
had increased tearing, reduced corne- 
al searring, and rapid resolution of 
corneal ulcers." 

Topically applied cyclosporine was 
found to penetrate readily into the 
lacrimal glands of rabbits.'' Since sys- 
temically administered cyclosporine 
is associated with a high risk of dose- 
dependent nephrotoxic side effects, 
the marked reduction in the total- 
body dose of cyclosporine used via 
topical administration makes the 
risk-benefit ratio of topical cyclospor- 
ine much more acceptable than sys- 
temic therapy for non-sight-threaten- 
ing ocular disease. 


_.. MATERIALS AND METHODS 











4 y -six consecutive canines that pre- 
- sented to the University of Georgia Veteri- 
nary Teaching Hospital, Athens, with 





chronic refractory KCS were evaluated by 
slit-lamp. biomicroscopy, fluorescein sodi- 
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neal staining, and Schirmer’s Tear 
'STT) without anesthetization. A 
ile solution of 2% oral cyclosporine 
tian (Sandimmane), in National For- 
wavy alive olf or corn oil, 32 pL/drop was 
spensed for bilateral (both eyes) use, 
nee or twice daily (BID). Palliative thera- 
‘pies for KCS were continued ad libitum 
and withdrawn gradually based on clinical 
‘Improvement in the corneal pathologic 
condition and STT value. In three poorly 
respousive cases, cyclosporine therapy was 
increased to three ‘mes daily (TID). Par- 
„otid duct transposition and biopsy of the 
| al gland of the nictitating mem- 
ne were recommended for nonrespon- 
3 cases. 

















Normal Beagles 


sive healthy castrated male laborato- 
gles, aged ë to 18 months, were 
dl ned by STT at 9 am and 5 pM for 3 
days. Following these baseline measure- 
ments, 2% cyclosporine in olive oil was 
administered to both eyes TID to six dogs, 
_and the olive oil vehicle was administered 
tc the ether six dogs for 7 days, and the 
SPT value was again measured BID in a 
deubie-blind manner. After 7 days of treat- 
ment, the treatment groups were reversed 
for Z days; the dogs that had received 
evclosperine began to receive olive oil in 
“both eyes TID, aad the dogs that had 
received olive oil began to receive 2% 
-evelogperine in both eyes TID. 






RESULTS 
Stinical Cases 


Tke diagnosis of KCS preceded 
evelesporine use by 0 to 5 years, witha 
meas of 1.1 years. Previous KCS 
treatments had included artificial 
tears (24 of 36 dags), topical, subcon- 
junctival, or parenteral corticoste- 
reids (19 of 36 degs), topical antibiot- 
ies (16 of 36 dogs), threshold doses of 
oral pilocarpine hydrochloride (16 of 






33.dogs), or ro treatments of KCS (7 of 
36 dogs). Contrary to our expecta- 


iens, the longevity of KCS did not 
slate with a reduced response to 
porine treatment. The lacrimal 
histopathologic condition in 

nonresponding dogs was charac- 
ed by end-stage diffuse glandular 

mation and fibrosis. To guard 
net false significance based on the 
rélation of responsiveness of two 
yes within one dog, a two-eye analy- 
was used to measure degrees of 
dom and significance conserva- 



























tively.“ The mean + STT value before 
-eyelesporine administration was 


$58-+ 466 mm/min (mean + SD) 
QD and 230 + 3.08 mm/min OS. 





ineeye drops, the mean + STT value 
vas increased to 12.49 + 6.51 mm/ 
nODand 11.06 + 7.74 mm/min OS. 
The mean + difference of paired sam- 

ples was 6.97 = 4.82 mm/min OD 
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Mnile dogs were receiving cyclospo- i 


(t = 10.68, Student’s ¢ test for related 
measures, P < .0005) and 8.91 + 6.82 
mm/min OS (t = 7.49, P < .0005, Table 
1). Initially, 37 eyes had STT values 
that ranged from 0 to 2 mm/min. 
Following treatment, STT values 
increased by 5 mm/min or greater in 
59% of eyes with initial STT values 
that ranged from 0 to 2 mm/min. 
Excluding one dog with KCS due to 
facial nerve paralysis, values for all 
dogs having an initial STT value 
greater than 2 mm/min increased by 5 
mm/min or greater while using 
cyclosporine. Dogs were noted to have 
increased STT values beginning 3 to 
56 days after the onset of cyclosporine 
therapy. Ancillary treatments were 
eliminated or greatly reduced in all 
dogs that were treated. Repeated 
examinations at varied intervals indi- 
cated that the STT values were either 
stable or increasing in all but one dog, 
in which an episode of general anes- 
thesia preceded an abrupt but revers- 
ible decline in the STT value. 

In dogs with superficial neovascu- 
larization and granulationlike tissue 
on the corneal surface, continuous use 
of cyclosporine resulted in a progres- 
sive decrease of neovascularization, 
decreased granulation tissue, and a 
progressive restoration of a smooth, 
transparent cornea (Table 2 and Figs 
1 and 2). Even in dogs in which tear 
secretion did not increase, alleviation 
of the corneal disease was generally 
marked. Most dogs with dense blind- 
ing pigmentation (superficial corneal 
melanosis occurs in dogs with limbal 
conjunctival pigment secondary to 
chronic keratitis) and superficial 
granulation tissue had marked clear- 
ing of the corneas after several 
months of treatment (Table 2). Three 
dogs had chronic corneal ulcers at the 
onset of cyclosporine treatment, each 
healed within 48 hours of onset of 
cyclosporine use. Multiple treatment 
interruptions were common because 
cyclosporine refills typically were not 
sought until signs recurred. Dogs that 
were maintained for prolonged peri- 
ods (8 to 12 months) with topical 
cyclosporine had recrudescences with- 
in 2 to 3 days of cyclosporine treat- 
ment interruption. In each case, when 
cyclosporine was restarted, the STT 
value increased again within 3 hours. 

In one dog with KCS due to distem- 
per virus,” therapy was discontinued 
on day 4 due to an acute exacerbation 
of keratitis. In our initial experience, 
approximately 10% of dogs had an 
irritative response to topical cyclo- 
sporine in olive oil, requiring inter- 
ruption or discontinuation of treat- 
ment; however, all reactions subsided 
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Schirmer’s 
Tear Test 
Values, mm/min 


a ona aaa, 





Before With | 
: Treatment Cyclosporine 
R eye 3.58 + 4.66 12.49 + 6.51t 
L eye 2.30 + 2.08 11.06 + 7.74F 









*KCS indicates keratoconwunctivitis sicca. Values 
are given as mean + So. 

tP < .0005 by Student's * test for related mea- 
sures. 


without intervenzion with treatment 
withdrawal. Subsequent modifica- 
tions of the vehiele (removal of alco- 
hol and dilution with corn oil in place 
of olive oil) decreased the frequency of 
irritative reactions. Before cyclospo- 
rine treatment, a 32-kg standard poo- 
dle also had severe nasal dryness with 
chronic irritaticn, depigmentation, 
and vermiform hypertrophy (typical 
of hyperkeratosis) of the external 
nose. While the dog was being treated 
with ophthalmie cyclosporine, the 
nasal dryness and nasal texture 
improved dramatically. 


Normal Beagles 


No diurnal variation in the STT 
values was noted in normal beagles, 
with or without treatment. Baseline 
mean + SD STT values were 19.2 + 
30 mm/min OD and 18.9 + 3.4 mm/ 
min OS (Fig 3). Dogs that received 2% 
cyclosporine in both eyes TID pro- 
gressively increased in tear produc- 
tion, beginning with the first post- 
treatment STT measurement, and 
rose to an average of 25.8 + 2.9 mm/ 
min OD and 24.6 + 4.7 mm/min OS, 
after 7 days of cyzlosporine treat- 
ment. Beagles that were given the 
olive oil control vehicle in both eyes 
TID for 7 days had STT values of 
19.3 + 1.3 mm/min OD and 18.7 + 2.2 
mm/min OS, for each eye compared 
with cyclosporine-treated eyes (P= 
0005, Student’s t test on day 7). Rever- 
sal of treatment regimens caused the 
STT values of the dogs to reverse 
progressively (Fig 3). 


REVIEW OF CANINE KCS. 


Normal tear production in dogs 
ranges from 15 to 25 mm/min, severe 
KCS is characterized by STT values 
that are less than 5 mm/min. Dogs 
with KCS present primarily for tena- 
cious mucopuralert conjunctivitis 
with mucous filaments, recurrent cor- 
neal ulcers, chronic blepharospasm, 
corneal granulation, corneal pigmen- 


1211 











STT Values, mm/min 





= Before Cyclosporine After Cyclosporine | 
Corneal Lesions Breed . Age, Visual Rate and Duration Administration, Administration, 
_. and Outcome (Sex) oe y Deficits of Administration R Eye/L Eye R Eye/L Eye 
Marked keratitis 
Marked improvement West Highland white 5 Blind q 24 h, 4 wk 0/0 13/0 
terrier (FS) 
eevee op 
Miniature schnauzer 11 No q 24 h, 5 wk 2/0 8/1 
(FS) 
Pekingnese / 6 Blind q 12h, 12 wk 0/0 8/13 


Pomeranian (FS)+ 
hil LAES a elas a 
Shih Tzu (M) 10 Yes q 24h, 13 wk 4/10 13/14 
a rea pat arte ME 4/10 





























Shih Tzu (F) 3 No q 24h, 17 wk 0/0 3/10 
Cocker spaniel (F) 7 Yes q 12h, 5 mo 0/0 10/43 
Miniature poodie (M) 9 No q 24h, 4 wk 4/4 13/13 
mo 
Miniature poodle (F) 7 No g 24 h, 5 wk 0/0 2/1 
Bulldog (M) 7 Yes q 12h, 7 wk 2/3 13/20 
Toy poodie (FS) 15 Yes q 12h, 7 wk 3/0 | 16/0 
Miniature poodle (M) 7 Blind q 12h, 16 wk 0/0 t1717 
Shih Tzu (M) 4 No q 24 h, 26 wk (15)/4 (15)/6 
Lhasa apso (M)§ 8 No q 12h, 3 wk 12/3 22/23 
Pekingnese/poodie (M) 14 Blind q 12h, 10 wk 3/0 20/18 
Pekingnese (FS)! 12 Blind in R eye q 24h, 6 mo 2/({14) 11/(20) 
50% resolution Lhasa apso (MC) 10 No | | q 24 h, B wk 13/14 18/19 
Scottish terrier (M) 12 No q 24h, 9 wk 6/8 12/18 
Toy poodle (FS) 15 Blind | q 12h, 10 wk 3/0 8/1 
English bulldog (F) 3 No q 8h, 4 mo 3/5 9/15 
Slight improvement Lhasa apso (M) 9 No q 24 h, 5 wk 8/(16) 19/7{22) 
Miniature schnauzer 11 No g 12h, 9 wk 0/4 §/10 
(M) 
Mixed (F) : 6 No q 12 h, 9 wk 2/0 l 571 
Poodle (M) — Ì2 Mo q12h 12wk Ž 0/0 0/0 
Cocker spaniel {F} 8 Yes q 8h, 14 0/0 3/5 
Mild keratitis 
Complete resolution Samoyed (FS)f 14 No q 12h, 1 mo 2/41 18/17 
Dachshund (F) 10 No q 12h, 15 wk 5/0 10/2 
Mixed (FS) _§ No q 12h, 8 mo 0/0 | 19/17 
Some improvement Dachshund (M) 3 No Dr q 12h, 4 wk 15 3/17 
Mixed (F) 6 No q 24h, 22 wk 0/0 12/18 
Miniature schnauzer 12 No q 12h, 9 wk 0/4 5/10 
ce ____{M) 
~ No corneal lesions before 
or during treatment Cocker spaniel (F) 1.5 No | 9 24 h, & wk | 7/5 18/10 
Standard poodle (F) 7 No q 24 h, 6 wk 3/3 22/16 
Boston terrier (FS) 7 No q 24h, 6 wk | 4/4 14/19 
Beagle (FS) 2 No q 12h, 4 wk 11/0 | 20/0 
English bulldog (M)# 5 No | q 12h, 4 wk (20)/5 (25) /7 
Discontinue Rx Mixed breed (FS) ** 10 No q 24h, 1 wk (18)/2 ND 


"KCS indicates keratoconjunctivitis sicca; STT, Schirmer’s Tear Test; FS, spayed female: q. every; MC, male castrate: Rx, treatment; and ND, not done. 

tThe STT value in the right eye had risen to 16 mm/min at 7 weeks, and the corneas were vastly improved in both eyes. The dog was anesthetized for an unrelated 
C. Surgery, following which the STT value acutely decreased irreversibly. This was the first dog to lose efficacy of topical cyclosporine irreversibly. Numbers in parentheses 
+3 care the normal range for STT. 

<. Chronic keratitis in left eye oniy. 

os §Cyclosporine (2%) was discontinued after 3 weeks, but unlike all other cases, the KCS did not relapse. The occurrence of acute deep ulcers in dogs with KCS usually 
‘indicates an acute onset of KCS, due to distemper virus. Unlike most cases of idiopathic KCS, KCS associated with distemper virus occasionally resolves 
Spontaneously. 
__ {This dog had positive distemper virus indirect fluorescent antibody test 5 months previously at onset of KCS. 
- This dog was also responsive to pilocarpine hydrochloride, but the drug was not used concurrently, 
: #Onset of KCS was associated with facial nerve trauma. 
- ** This dog had positive distemper virus indirect fluorescent antibody test. Keratitis worsened acutely; therefore, 2% cyclosporine was withdrawn. 


















tation, and not infrequently, blind- of the anterior stroma.’ Although the tration” have been described in 
ness due to corneal scar ring. Theante- diagnosis of KCS typically is based on canine KCS. 
rior cornea becomes thickened with the STT and slit-lamp examination 
umerous layers of keratinized epi- results, changes in the tear breakup 7 
ielium, epithelial pegs, cellular infil- time,” polarized light tear film biomi- > The origin of canine KCS has been 


ti ‘ates, and extensive vascularization croscopy,” and tear protein concen- evaluated by immunologic and his- 














Serology of Canine KCS 
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Fig 1.—Left, Left eye. Right, Right eye. English bulldog with 15-month history of keratoconjunctivitis sicca. Recent therapy 
with topical dexamethasone phosphate and artificial tears four times daily failed to control progressive corneal cpacéfication. 
Superficial haze and cobblestone thickening of epithelial surface obscure visualization of pupil in right eye. Cornea ir left eye 
is similarly but less affected than cornea in right eye. Mild neovascularization is also apparent in both eyes. 





Fig 2.—Left, Left eye. Right, Right eye. English bulldog following 6 weeks of treatment with cyclosporine admiristesed once 
daily. Slight irregularities remain on superficial cornea in right eye, while cornea in left eye is remarkably clear with exception 
of narrow blood vessels that are seen in both eyes. Both corneas are viewed against background of tapetal reflection that 
highlights any corneal opacities. 


topathologie techniques.” Dogs with 
KCS show a high incidence of im- 
mune-mediated disorders, including a 
Sjégren’s-like syndrome with system- 
ic lupus erythematosus,’ Sjégren’s- 
like syndrome with rheumatoid 
arthritis, polyarthritis, hypothyroid- 
ism, ulcerative colitis, diabetes melli- 
tus, glomerulonephritis, and atopy.’ 
Sporadic cases of KCS can be at- 
tributed to drug toxicity, neurologic 
loss, congenital, or distemper viral!’ 
causes, but most cases are idiopathic 
and often of presumed immunologic 
causes. 
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Histopathology of Canine KCS 


When 28 dogs with severe KCS were 
examined for histopathologic features 
of the lacrimal and/or accessory lacri- 
mal gland of the third eyelid, the most 
prevalent (87%) histologic findings 
were variable degrees of multifocal 
chronic adenitis, characterized by aci- 
nar atrophy and replacement with 
increased numbers of plasma cells 
and lymphocytes within increased 
amounts of interacinar fibrous con- 
nective tissue stroma. Paradoxically, 
10% of glands appeared to be normal, 
41% had mild multifocal chronic ade- 
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nitis, and only 46% had advanced 
multifocal to diffuse chronic adenitis 
and/or marked fbrasis.' Rodent mod- 
els of KCS also have large disparity 
between the STT value and severity of 
the histopathobgie lesions®** and 
cannot be accurately assessed for tear 
function. Because the greater size of 
the canine globe allows evaluation of 
clinical signs of KCS, we believe the 
dog is a superior therapeutic model. 


CCMMENT 


Although the .acrimal glands from 
dogs,' rodents,” and humans% with 
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Cyclosporine (TID) 


STT Value, mm/min 


Olive Oil (TID) 


A 
es 


(Baseline) 





Days 


Fig 3.—Effects on lacrimation in normal beagles with 2% topical cyclosporine. Schirmer’s tear 
tests were performed twice daily in 12 normal beagles. During first 3 days, no treatment was 
given. During next 7 days, six beagles received 2% cyclosporine in olive oil three times daily 
(TID), in each eye (squares). Other six beagles (triangles) received olive oil placebo TID in each 
eye. On day 10, treatment protocols were reversed. Rx indicates treatment. 


KCS often contain large areas of aci- 
nar tissue that appear normal on light 
microscopy, the acini have scant 
secretory granules and are not func- 
tioning. To our knowledge, the cause 
of the dysfunction in the areas of 
lacrimal tissue that are not replaced 
by inflammation and scarring has not 
been addressed. This study was 
unique because we predicted that the 
lacrimal gland dysfunction could be 
treated effectively. A specific treat- 
ment of lacrimal autoimmune adeni- 
tis is a major deviation from conven- 
tional treatment of tear replacement 
and tear conservation. No detectable 
tears (STT value = 0 mm/min) were 
produced initially in 29 eyes in this 
study and in 9 eyes in an independent 
repetition of our trial.” These eyes 
often failed to respond (45% [Table 2], 
78% [Bachrach and Scagliotti”]) to 
cyclosporine eye drops, suggesting 
that end-stage KCS may become 
untreatable and that earlier treat- 
ment is preferable. The finding of 
severe diffuse inflammation and 
fibrosis affecting three of three lacri- 
mal biopsy specimens from nonre- 
sponding eyes supports our hypothe- 
sis that lacrimal glands that have 
multifocal but not end-stage diffuse 
inflammation can regain function. 
We used a reversal experimental 
design (interruption of treatment) to 
demonstrate that topical cyclosporine 
has a causal relationship to tear 
secretion in dogs with KCS (Tables 1 
and 2), as well as in normal dogs (Fig 


3). A corollary to the design is that 
although cyclosporine causes tear 
secretion in dogs with KCS, it appar- 
ently does not cure KCS, because a 
recrudescence occurred promptly fol- 
lowing cessation of cyclosporine treat- 
ment. 

Administration of 2% cyclosporine 
solution to both eyes BID (total of 4 
drops, 32 uL/drop) was equivalent to a 
total body dose of 2.6 mg cyclosporine 
per patient per day, assuming com- 
plete absorption of each administered 
dose. For an average 10-kg dog, this 
dose is 0.26 mg/kg per day, less than 
one tenth the minimum required 
human oral dose. For a 60-kg human 
patient, use of a 32-uL drop of 2.0% 
cyclosporine solution, administered to 
both eyes BID, is equivalent to a par- 
enteral dose of 0.04 mg/kg per day, or 
a 100-fold reduction of the 3- to 5- 
mg/kg per day low-maintenance dose 
recommended for immunosuppres- 
sion. A 100-fold dose reduction makes 
systemic toxicity or systemic effect 
virtually inconceivable. 


Possible Mechanisms of Action of 
Topical Cyclosporine in KCS 


Topically applied cyclosporine pene- 
trates to the lacrimal gland, providing 
sufficiently high levels (2850 ng/g in 
rabbits)’ to induce a pharmacologic 
response. An overwhelming predomi- 
nance of T8 antigen-positive (sup- 
pressor/cytotoxic) T cells is found in 
normal human lacrimal glands, with a 
mean T4/T8 ratio of 0.26, suggesting a 
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strong need for immunoregulation in 
normal lacrimal glands.” Within the 
lacrimal glands, cyclosporine may 
cause a local afferent blockade of the 
early helper T-cell response to lacri- 
mal gland antigens, preventing inter- 
leukin 2, interferon gamma, and other 
cytokines from being synthesized 
after T-cell exposure to local anti- 
gens.” The antigen stimulus to T cells 
is required continuously to maintain 
an active immune response.” Thus, 
interruption of the continuous affer- 
ent response can interrupt a chronic 
ongoing autoimmune reaction. One 
corollary to this hypothesis would be 
that bilateral therapy may be 
required for efficacy, since cytokines 
released from the untreated eye could 
incite systemic inflammatory media- 
tors that could also affect the cyclo- 
sporine-treated eye, causing unilater- 
al treatment to fail when bilateral 
disease exists.” Suppression of the 
autoimmune response might allow 
regeneration and/or recuperation of 
injured lacrimal acini. Both in dogs% 
and in humans,'' a delay of 2 to 4 
weeks often has occurred before sig- 
nificant secretagogue activity has 
been seen; this time imterval is consis- 
tent with immunosuppressive mecha- 
nisms. 

The time period that lapsed 
between initial treatment and initial 
effect suggests immunosuppression, 
but the lapse between stopped treat- 
ment and stopped effect, and re- 
started treatment and regained effect, 
suggest another mechanism of action 
for topical cyclosporine in tear pro- 
duction. When cyclosporine treatment 
is interrupted in dogs with KCS, lacri- 
mation regresses within 12 to 24 hours 
(R.L.K. and M.-A.S., unreported data, 
1988). When cyclosporine treatment is 
restarted in dogs with KCS, the secre- 
tagogue activity is quickly (<3 hours) 
recaptured. 

Cyclophilin is a specific cytosolic 
binding protein for cyclosporine. Con- 
trary to initial hypotheses, cyclophilin 
is found not only on T cells, but in 
lower quantities on all examined tis- 
sue cells.*° Cyclophilin and its natural 
ligands probably funetion in the regu- 
lation of cell growth and differentia- 
tion.® One of the natural ligands for 
cyclophilin is prolactin.” Prolactin is 
found in lacrimal acini and could be 
an important tear regulator.” It is 
plausible that cyclosporine activates 
(or inactivates) regulatory prolactin 
receptors in lacrimal tissue. 

An immunosuppressive mechanism 
of cyclosporine also seems to be incon- 
gruous with its secretagogue effect in 
normal young beagle dogs and in ex 
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vo rat lacrimal acini (A. Mircheff, 
D, oral coramunication, November 
988). Alternative hypotheses 
uld involve (1) prolactin regulation, 
a direct -epitheliotrophic activity 
similar to the unelucidated mecha- 
nism imvolvec im cyclosporine’s com- 
mon adverse side effect of hirsutism, 
or (8) a direct cellular effect common 
to both rena! tubular secretion and 
lacrimal secretion. An irritative re- 
: sponse could-alse possibly be involved 
in beagles. 
-Cyelesporine has poorly elucidated 
effects on differentiating fibroblasts 
and epithelia: cells Corneal im- 
ovement im our patients was not 
pendent om increased lacrimation 
e 2). The resolution of corneal 
~ lesions might de due to a direct inhib- 
‘itory effect of cyclosporine on acti- 
vated fibroblast and keratinocyte pro- 
liferation, allowing normalized epi- 
thelialization of the corneal surface. 

. Many of the corneal lesions that 
resolved with cyclosporine therapy 
previously had been considered to be 
permanent, irreversible scars. In 
another study that used dogs and cats 
without sieca, cyclosporine markedly 
improved keratitis of varied causes.” 
Additional advantages of cyclosporine 
compared wiil previous corticosteroid 
therapy for the keratitis associated 

o with ECS inelude the finding that 
unlike corticosteroids, which appear 
to have diminished efficacy in long- 
term use, cyclosporine has been used 
for greater ‘ham 18 months in dogs 
without an apparent decrease in eff- 
cacy.” Cyclosporine also appears to be 

safe for use in cases with corneal 
ulcers, and experimental use confirms 
that topically applied cyclosporine 

‘dees not inhibit eorneal healing. 





































Use of Topical ¥s Systemic Cyclosporine 







i Radioisotope studies have indicated 
tsis applications of 7 uL of topical 
c.osponiae during a period of 75 
-minutes in rabbits provides 2850 ng/g 
of lacrimal tissue, with systemic blood 
Jevels below the minimal sensitivity of 
-50 ng/g. Corneal and scleral concen- 
Partons peaked at 2 hours at 4000 and 
6600 ng of cyelosporine per gram of 
tissue, respeetivery.” 
< Altheugh tepieal application long 
has been the best way of reducing the 
systemic side effects of drugs in oph- 
thalmology, censideration and use of 
ophthalmic «yclesporine have not 
received broac attention. Circumven- 
_ tien of topica. trials of cyclosporine 
“owas due partially to widespread per- 
u ition of the presumption that 
neal cyclosporine worked because 
systemic ebserption.®» The argu- 
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ments against local immunosuppres- 
sion are reminiscent of arguments 
considered in the early 1950s with the 
advent of topical use of corticoste- 
roids, ie, the disease is mediated by 
systemic mechanisms and therefore 
systemic immunosuppression may be 
required.” To disprove this conclu- 
sion, in 1985, Foets et al* demon- 
strated that ophthalmic cyclosporine 
applied to keratoplasties in rabbits 
protected the graft when applied to 
the recipient eye, but not when 
applied to the fellow eye. The miscon- 
ception has been further uprooted by 
data from human corneal transplan- 
tation,” necrotizing scleritis,“ ver- 
nal keratoconjunctivitis,* and local 
applications of cyclosporine in derma- 
tology.** It is logical to predict that 
other ocular disorders that have been 
responsive to systemic cyclosporine 
and that occur in areas of the eye 
accessible to penetration by cyclospo- 
rine, most notably the cornea, con- 
junctiva, and sclera,’ may also be 
preferentially treated by the topical 
route. 

Oral prednisolone (40 mg every 48 
hours) administered early in the diag- 
nosis of SS were shown to reduce 
labial salivary gland inflammation 
and alleviate KCS symptoms,” but 
corticosteroids are rarely used in SS 
due to concern about systemic side 
effects.” 

Cyclosporine may prove to be the 
first localized treatment to intervene 
in the pathologic process and reverse 
the degenerative destruction of the 
lacrimal glands in KCS. Given the 
similarity of canine KCS to SS, the 
successful therapy for canine KCS 
with topical cyclosporine, and the suc- 
cessful therapy for SS with oral 
cyclosporine, it was logical to predict 
that topically applied cyclosporine 
would also be of great benefit, while 
incurring minimal therapeutic risk, to 
patients with KCS and SS. A pilot 
study of 12 human patients with 
1° SS, 2° SS, or isolated KCS has in- 
dicated that cyclosporine ointment 
administered to both eyes BID is well 
tolerated and can improve lacrima- 
tion, the corneal pathologic condition, 
and subjective symptoms of KCS." 
This new treatment has the potential 
to become a major advance in the 
management of KCS. 

Dr Kaswan has patented the use of ophthalmic 
cyclosporine and assigned the patent to the Uni- 
versity of Georgia Research Foundation Ine, 


Athens, and thereby has an indirect proprietary 
interest in this product. 
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ce Mtraocular gas bubbles can occlude 
etinal breaks and lead to retinal reattach- 
ment, but inferior breaks can be difficult to 
sclude. We hypcthesized that an auto- 
- mated air injector connected to the eye 
; -wouid progressively fill the vitreous cavity 
with a Dubble and occlude ali, even infe- 
rior, breaks. This technique, termed con- 
tinuous viirecus insufflation, was applied 
in 30 eves of 15 rabbits using an air pres- 
sure of 50 mm Hg. Thirteen study eyes un- 
. derwert iensectemy, vitrectomy, and 
thegmatogenous retinal detachment; 17 
eyes did not. in each eye with a patent 
cannula, a bubble virtually filled the vitre- 
ous cavity within about 24 hours, and all 
_ detached retinas became reattached ex- 
. cept those with large breaks. Because 
large bubbles should be effective in clos- 
‘Ing mast breaks, continuous vitreous in- 
= gufflation may enable high reattachment 
rates. Accordingly, this procedure may 
` prove valuable in treating certain retinal 
detachments in humans, although there 
are obstacles to ctinical application. 
{Arch Opathaimol. 1989;107:1217- 
1219) 











t is well established that intraocular 
™ gas bubbles can occlude and tam- 
2 ‘ponade retinal breaks against the ret- 
f inal pigment epithelium in rheg- 
::matogenous retinal detachment. Air 

an bei injected after release of subret- 
a fluid in seleral buckling surgery’? 
“or inan air-fluid exchange after vi- 
-trectomy surgery..*° Recently, expand- 
ing gases have been used in the pri- 
mary treatment of retinal detach- 
ment.” 

©- All af these applications of intraoc- 
ular ges are effective in curing retinal 
-detachments-only if the patient main- 
_tains aposition in which the break isin 
frequent comtact with the buoyant 
pape (eg, 16 h’d). Accordingly, on 
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applications commonly fail when reti- 
nal detachments are caused by inferior 
retinal breaks (eg, between the 4- and 
8-o’clock positions), since there is no 
position that is effective and tolerable 
for the patient. This limitation arises 
because the gas does not completely fill 
the vitreous cavity; if it did, the bubble 
would occlude even inferior breaks and 
cure the detachment. Using a single 
injection of air to produce a persisting 
complete vitreous gas fill is clearly im- 
possible in the presence of a detach- 
ment. Even if a complete vitreous fill is 
obtained initially, the air bubble 
shrinks with time, whereas the vitre- 
ous volume increases in size as the 
subretinal fluid resorbs. Both factors 
interrupt contact of the inferior break 
with the bubble, which floats up and 
away from the inferior break, nullify- 
ing its therapeutic effect. Similarly, 
maintaining the vitreous totally filled 
with gas by means of one or more in- 
jections of an expanding gas is diffi- 
cult. This is because one cannot exactly 
predict the volume to inject that will 
fill the vitreous without elevating the 
intraocular pressure to an unaccept- 
able level. Although multiple injec- 
tions can generate a large bubble and 
have their advantages in treating ret- 
inal detachment, there can be compli- 
cations from repeated instrumenta- 
tion of the eye. 

Automated air injectors are now 
used routinely in vitreous surgery. 
They introduce air In a way that main- 
tains the eye at a constant, selected 
intraocular pressure. We hypothesized 
that if the eye were connected to an air 
injector, an intraocular air bubble 
would form and enlarge until virtually 
the entire vitreous cavity were filled. If 
present, formed vitreous would be- 
come compressed, as has been shown 
in animals’*'* and as occurs in conven- 
tional pneumatic retinopexy. If the eye 
contains a rhegmatogenous retinal de- 
tachment, all retinal breaks, even 
those located inferiorly, would eventu- 
ally become occluded and remain oc- 
cluded with enlargement of the bubble. 


eattachment by Continuous Vitreous Insufflation 


The process of resorption of subretinal | 
fluid would then reattach the retina. 
We tested this hypothesis in rabbits. 


METHODS 


Fifteen male or female New Zealand. 
White rabbits (1 tc 3 kg) underwent anes- - 
thesia with a 1-mL intramuscular injection. 
of a mixture containing 100 mg of ketamine. ` 
hydrochloride and 4.7 mg of xylazine hy- 
drochloride. Two drops, each 1% atropine- 
sulfate and 10% plenyiephrine hydrochlo- . 
ride, were instillec in each eye. The eyes 
were prolapsed with a Bard-Parker blade 
holder and mainta ned in that position by 
placing over the eye a piece of a rubber glove. 
with a small hole. Using aseptic technique, 
incisions were made 8 to 4 mm from the 
limbus after open ng the conjunctiva. A- 


4-mm infusion cainula (Alcon Surgieal, |: 


Fort Worth, Tex) used in vitrectomy sur- > 
gery was sutured a: the 11-o’clock position — 
of each eye, and its tubing was secured to 
the base of the ear. Group 1 consisted of 13 
eyes In which an incision was placed at the 
1-o’eclock position, :hrough which the lens 
was removed by pkacoemulsification (Cav- 
itron, CooperVisiorn, Irvine, Calif) and the ` 
vitreous by vitreetomy instrumentation - 
(MVS, Alcon Surgizal). A rhegmatogenous 
retinal detachment was purposely created 
during the surgery in all of the eyes. Reti- 
nal breaks were created in two eyes by 
striking the retina with the tip of the 
vitrectomy instrument between the 5- and 
7-o’clock positions. In the rest of the eyes — 
dialyses occurred during the lensectomy- 
vitrectomy, sometimes extending below the © 
horizontal meridia. Retinal detachments 
always developed after the formation of 
retinal breaks. The 1l-o’clock incision was | 
then closed. Group 2 was composed of 17 
eyes in which the infusion cannula was 
placed, but vitrectomy-lensectomy was not 
performed. 
At the end of the surgical procedures, the | 
eyes were repositicned into the orbit. The - 
infusion cannulas əf both eyes were. con- 
nected to an air ingection pump (Diversa- 
tronics, Broomall, Pa) used for vitrectomy.. 
The animals were ¢laced with the 6-o’clock 
position of the eyes dependent so that no 
fluid in the eye could escape through the in- 
cisions. The air pressure was set to 50 mm 
Hg. Since we did not knew if the pump could — 
create a large bubble, we set the pressure to 
the highest pressure we considered tolera- 
ble by the eye over a 24- to 36-hour period. 
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> animal was placed in a cage, which allowed 
~ it to rest comfortably but limited its move- 
 .ment. The forefeet were taped loosely to 
_. each other to prevent contact with the an- 
< imal’s eyes. The tubing from the infusion 
<: cannulas was suspended above. At the end 
>of the experiment, the animals were se- 
dated with an intramuscular injection con- 
taining 50 mg of ketamine hydrochloride 
~ and killed with a 50-mg intracardiac injec- 
». tion of pentobarbital sodium. 
The development of a bubble was moni- 
-tored by estimating its height in the pupil, 
< according to the method of Wong and 
<. Thompson," and in some group 1 eyes by 
< turning the animal so that the cornea was 
_ dependent to see if any fluid ran into the 
concavity of the inner cornea. The presence 
of retinal detachment was determined in 
group 1 eyes using the operating microscope 
at surgery. Retinal detachment, residual 
intravitreal fluid, and compressed vitreous 
> gel were determined via postmortem dis- 
` -section of the eyes. This was done either af- 
<` ter enucleation and fixation (Perfix, Fisher 
c Scientific, Chicago, Ill) in two eyes from 
>. group 1 and four eyes from group 2or in situ 
- by removal of the cornea and folding back 
the iris. The cornea was removed for exam- 
ination in situ by entering the limbus with 
a two-edged razor blade and cutting paral- 
lel to the iris. 


RESULTS 


The results of the experiment are 
summarized in the Table. Gas bubbles 
formed in the vitreous cavity of all ex- 
cept two eyes in group 1, which had 

 lensectomy-vitrectomy, and all but 
four eyes in group 2. In each case it was 
determined that the infusion cannula 
<- was either clogged at its tip or pro- 
jected into the vitreous cavity at such 
an angle as to be occluded by the adja- 
-eent eye wall. This was due to marked 
twisting of the attached tubing as the 
animals were not completely re- 
- Strained and turned about in their 
= cages. The retinas remained detached 
in the two eyes from group 1 without 
<- bubbles. 
In the other 11 eyes of group 1, the 
== entire anterior chamber and vitreous 
-eavity were filled with air by 24 to 30 
-= hours, and the experiment was termi- 
nated. All subretinal fluid was re- 
orbed regardless of the location of the 
`> breaks. In four group 1 eyes with very 
large breaks, the retina was reflected 
back and tightly applied to the retina 
on the other side of the eye, internal 
limiting membrane to internal limit- 
ing membrane, by the action of the 
bubble. One large break had slight 
eversion of its edge with the bubble 
protruding through the break. At 
ther sites the retina was attached. 
-In the 13 eyes from group 2 (without 
; isectomy-vitrectomy) that had 
formed air bubbles, the experiment 
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Lensectomy, vitrectomy, and retinal detachment 
Total No. of eyes 
Eyes with occluded cannulas 
Eyes with patent cannulas 
Eyes forming large bubble 
% of vitreous cavity filled at end of experiment 
Time to end of experiment, h 

Eyes with complete resorption of subretinal fluid 
Eyes with retinal flap inverted 















was terminated between 12 and 24 
hours. The bubbles filled approxi- 
mately 70% of the volume of the vitre- 
ous cavity at 12 hours, compressing the 
vitreous gel into the dependent quad- 
rant. By 24 hours only a small amount 
of vitreous was visible on biomicros- 
copy of the opened globe, and the vit- 
reous cavity was otherwise completely 
filled with air. No retinal breaks or de- 
tachments were observed. 


COMMENT 


We have shown that connecting a 
surgical air injeetor to the rabbit eye 
produces a progressively enlarging in- 
traocular air bubble. We have termed 
this technique continuous vitreous in- 
sufflation. Bubbles failed to develop 
only when the cannula became ob- 
structed. The bubbles invariably en- 
larged until they filled the whole eye if 
there had been a lensectomy-vitrec- 
tomy, or they filled the whole vitreous 
cavity except for a small volume of 
compressed vitreous gel if the vitreous 
had not been removed. Furthermore, 
the bubble occluded all retinal breaks, 
even those located in the dependent 
position, and led to reattachment of 
the retina in all eyes without large 
breaks. Even with large breaks the 
bubble still formed, evacuated all fluid 
internal to the retinal pigment epithe- 
lium, and flattened the retina, albeit 
against the adjacent retina rather 
than against the pigment epithelium. 

Our results suggest that continuous 
vitreous insufflation could be applica- 
ble in human retinal detachments, ei- 
ther as a primary procedure or as an 
adjunct to other, conventional meth- 
ods. The retinal breaks would be ex- 
pected to become closed either by the 
bubble itself or by the compressed 
formed vitreous, as in a conventional 
pneumatic retinopexy, leading to reat- 
tachment. It is anticipated that the 
bubble would reach maximal size 
within 24 to 48 hours. Of course, it 
would be advisable to use a pressure 
somewhat lower than the one we used, 
such as 35 mm Hg. Treatment of reti- 
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* NA indicates not applicable since retinal detachments were not created. 
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nal breaks with cryopexy or photoco- 
agulation would be required before or 
after continuous vitreous insufflation. 
After retinal reattachment the can- 
nula would be removed, and the inci- 
sion would be sutured. The air would 
resorb in a few cays. Lecoq and 
Combe" have successfully applied a 
technique similar to this after vitrec- 
tomy and air-fluid exchange in several 
patients. They used a manometer sys- 
tem rather than a pump designed to 
insufflate the eye. 

Continuous vitreous insufflation has 
several potential advantages. First, in 
principle, this procedure should be 
very effective in closing retinal breaks, 
except very large breaks. Even inferior 
breaks should become occluded by this 
method. These are not amenable to 
treatment with pneumatic retinopexy 
and are often inadequately treated 
with postoperative gas-fluid ex- 
changes after scleral buckling because 
of incomplete filling of the vitreous 
space by gas. If all retinal breaks are 
closed, retinal reattachment is inevi- 
table, unless tractional forces are 
present that precluce settling of the 
retina. Accordingly, continuous vitre- 
ous insufflation may result in a high 
rate of retinal reattachment. Scleral 
buckling procedures have been re- 
ported to reattach the retina in 75% to 
96% of primary detachments.” 
Pneumatic retinopexy has been re- 
ported to be successful in 63% to 95% 
of cases, §94145 

The second potential advantage of 
continuous vitreous insufflation is that 
patient positioning would not be nec- 
essary to occlude the retinal break 
since the bubble would fill the vitreous 
cavity. Accordingly, it could be used in 
patients unable to maintain a required 
position. Third, dangerous elevation of 
the intraocular pressure can occur af- 
ter injection of an expanding gas in 
pneumatic retinopexy or during 
scleral buckling surgery. In continuous 
vitreous insufflation the intraocular 
pressure is continucusly maintained 


by the pump at a level set by the sur- 
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geon. Fourth, the enlarging bubble 
could benefit retinal detachment not 
only by occluding retinal breaks but 
also by hydraulically augmenting 
evacuation of the subretinal fluid by 
virtue of the elevated intraocular 
pressure.*’”This mechanism does not 
occur in a controlled, consistent way 
with either pneumatic retinopexy or 
scleral buckling procedures. Fifth, the 
method does not require the use of 
gases that are difficult to obtain be- 
cause of government regulations. Fi- 
nally, this procedure could be done us- 
ing local anesthesia, the period of hos- 
pitalization should be only a couple of 
days, and the surgical steps are less 
complex than in scleral buckling. 
Continuous vitreous insufflation 
would seem to be particularly applica- 
ble in vitrectomized eyes with multiple 
breaks between the 4- and 8-o’clock 
positions. However, continuous vitre- 
ous insufflation clearly could not be 
applied to all retinal detachments. If 
proliferative vitreoretinopathy pre- 
vents settling of the retina, this 
method will not succeed. If there is a 
large retina! tear with a mobile flap of 
retina, the bubble may extend through 
the break. It then may reflect the ret- 
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inal flap back against the adjacent ret- 
ina instead of the previously apposed 
pigment epithelium. 

There are several potential prob- 
lems to be considered regarding the 
clinical application of continuous vit- 
reous insufflation. These include ways 
to maintain an intraocular catheter 
safely for times that could be in the 
range of 24 to 48 hours. It would, 
therefore, be necessary to devise ways 
to prevent occlusion of the cannula, 
accidental avulsion of the tube, and the 
development of endophthalmitis. En- 
dophthalmitis can be seen after pneu- 
matic retinopexy and scleral buckling 
procedures, but the duration of the 
cannula in continuous vitreous insuf- 
flation may make this devastating 
complication more likely. This de- 
mands close attention to prophylaxis. 
Some problems probably would be 
similar to those of pneumatic retin- 
opexy or air injections during scleral 
buckling. These include detachment of 
the previously attached macula,” reti- 
nal folds,” macular holes,***! and new 
retinal breaks distant from the origi- 
nal breaks, possibly due to distortion 
of the vitreous gel by the bubble. 
The first three problems might be pre- 


References 


Gas-mediated vitreous compression: an experi- 
mental alternative to mechanized vitrectomy. 
Graefes Arch Clin Exp Ophthalmol. 1984;221:192- 
198. 

13. Lineoff H, Horowitz J, Kreissig I, Jakobiec 
F. Morphological effect of gas compression on the 
cortical vitreous. Arch Ophthalmol. 1986; 
104:1212-1215. 

14. Lincoff H, Kreissig I, Jakobiec F, Iwamoto 
T, Vitolo J, Shapiro R. Gas vitrectomy in a 
primate model. Graefes Arch Clin Exp Ophthal- 
mol. 1986;224:215-217. 

15. Wong RF, Thompson JT. Prediction of the 
kinetics of disappearance of sulfur hexafluoride 
and perfluoropropane intraocular gas bubbles. 
Ophthalmology. 1988;95:609-613. 

16. Lecoq PJ, Combe JC. Tamponnement con- 
tinu par air pour le traitement de certains decol- 
lements de retine. Bull Soc Ophtalmol Fr. 
1983;83:1101-1104. 

17. Chignell AH, Fison LG, Davies EWG, Hart- 
ley RE, Gundry MF. Failure in retinal detach- 
ment surgery. Mod Probl Ophthalmol. 1974;12:20- 
28. 

18. Lincoff H, Kreissig I, Goldbaum M. Reasons 
for failure in non-drainage operations. Mod Probl 
Ophthalmol. 1974;12:40-48. 

19. Rachal WF, Burton TC. Changing concepts 
of failures after retinal detachment surgery. Arch 
Ophthalmol. 1979;97:480-483. 

20. Hilton GF. Results of retinal surgery. In: 
Hilton GF, McLean EB, Norton EWD, eds. Retinal 
Detachment. San Francisco, Calif: American 
Academy of Ophthalmology; 1981:113-115. 

21. Dominguez A, Fonseca A, Gomez-Montana 
J. Insuflaciones repetidas de gas expansivo 
(IRGE) como tratamiento ambulatorio de deter- 
minados desprendemientos de retina. Arch Soc 
Esp Oftal. 1986;51:145-154. 

22. Tornambe PE, Hilton GF, Kelly NF, 
Salzano TC, Wells JW, Wendel RT. Expanded in- 
dications for pneumatic retinopexy. Ophthalmol- 


eu: Pe a 











vented by having the patient assume 
the face-down pesition. With respect 
to the last, it weuld be important to 
examine the periphery carefully after 
retinal reattachment to identify and 
treat any new breaks. Distortion of the 
vitreous would be expected to be more 
severe in continuous vitreous insuffla- 
tion than after injection of a small 
bubble of pure ges because the bubble 
would be larger in the former case. 
Cataracts can oceur when gas bubbles 
contact the lens. These are usually re- 
versible, and onee the cannula is re- 
moved the air bubble will resorb much 
more rapidly than expanding gases. 
Despite these obstacles, we believe the 
advantages noted above make it rea- 
sonable to develap methods applicable 
in humans so thet pilot studies can be 
initiated to evaluate the clinical use of 
continuous vitreous insufflation to 
treat rhegmatog2nous retinal detach- 
ment. 
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Structural Proteins of the Neonatal 


and Adult Lamina Cribrosa 


John C. Morrison, MD; Janice A. Jerdan, PhD; Mary Ellen Dorman; Harry A. Quigley, MD 


@ Optic nerve heads from three prema- 
ture infants and six adults were studied 
immunohistochemically to compare the 
extracellular proteins in the lamina cribro- 
sa of young and old human eyes. In both 
age groups, antibodies to the basement 
membrane components laminin and colla- 
gen type IV were associated with blood 
vessels and laminar beam margins. In the 
adult eyes, interstitial collagen types | 
and Ill were heavily distributed within the 
laminar beams. Antibodies to fibrillin, the 
microfibrillar portion of elastin, labeled 
discrete, heavy bands oriented longitudi- 
nally within these beams. The beams of 
the neonatal lamina cribrosa contained 
much less interstitial collagen, with a pre- 
dominance of collagen type Ill. Neonatal 
elastic tissue bands were less numerous 
and distinct within the laminar beams. 
These biochemical differences between 
the young and old lamina cribrosa may, in 
part, explain different clinical behaviors 
of the optic nerve head in congenital and 
adult glaucoma. 

(Arch Ophthalmol. 
1224) 


1989; 107: 1220- 


(onepnital glaucoma presents 

unique clinical features that dis- 
tinguish it from adult glaucoma and 
suggest the existence of important 
structural differences between the 
infantile and adult eye. These features 
range from obvious corneal enlarge- 
ment, or buphthalmos, to subtle dif- 
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ferences in the behavior of the optic 
disc. In the infant, optic nerve head 
cupping reportedly occurs more rapid- 
ly than in adults.'! Although this clini- 
cal impression is difficult to quanti- 
tate, experiments in enucleated eyes 
have confirmed that the infant optic 
nerve head contour is more easily 
deformed by elevated intraocular 
pressure.’ In addition, cupping in con- 
genital glaucoma is more likely to 
revert toward normal after restora- 
tion of normal intraocular pres- 
sure.'** However, grossly reversible 
cupping has occasionally been re- 
ported in adults.*® 

The unique pressure response of the 
optic nerve head in congenital glauco- 
ma may result from differences 
between the structural proteins of the 
immature optic nerve head and those 
of the adult eye. This occurs in the 
level of the lamina cribrosa, which is 
the primary site of axonal damage in 
glaucoma.”* Previous immunohisto- 
chemical studies have identified sub- 
stantial quantities of the interstitial 
collagen types I and III in the beams 
of the lamina cribrosa of adult mon- 
keys and humans.*"! In addition, the 
basement membrane constituents 
laminin, heparan sulfate proteogly- 
can, and collagen type IV are associ- 
ated with blood vessels and along the 
margins of laminar beams. On ultra- 
structural examination, these macro- 
molecules have been localized to base- 
ment membranes of both vascular 
endothelial cells and astrocytes.'” 

Recently, large quantities of elastin 
have been identified within the lami- 
nar beams of younger eyes, aged 5 to 
25 years.” However, little information 
exists on the biochemical composition 
of the lamina cribrosa during fetal or 
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perinatal periods, when the optic 
nerve responses characteristic of con- 
genital glaucoma are most evident. 
We used immunohistochemical tech- 
niques to determine the presence and 
distribution of collagen types I 
through IV, laminin, and the microfi- 
brillar portion of elastic fibers (fibril- 
lin) in the optic nerve heads of prema- 
ture infants. These findings were then 
compared with those in elderly 
patients to understand better how 
age-related differences in extracellu- 
lar proteins may mediate known clini- 
cal differences in the intraocular pres- 
sure response of the optic nerve heads 
of young and old eyes. 


MATERIALS AND METHODS 


Eyes were obtained from three prema- 
ture infants and six normal adult humans 
within 36 hours of death. Two infants were 
born at gestational ages 28 weeks (birth 
weight, 870 g) and 32 weeks (birth weight, 
1.02 kg) and died four weeks and one week 
after birth, respectively. The third was 
born at gestational age 32 weeks and died 
ten days later. Clinical records showed no 
preexistent ocular disease that could affect 
optic nerve function. The adults ranged 
from 55 to 77 years of age. All optic nerves 
and retinas appeared normal by gross 
inspection at the time of dissection and 
embedding. All eyes were obtained after 
proper consent from the Maryland Eye 
Bank, a member of Tissue Banks Interna- 
tional. 

Samples of all eyes were processed for 
sectioning, either without fixation for 
maximum retention of antigen activity or 
with fixation to allow thinner sectioning 
and more accurate antigen localization. All 
but four of the optic nerve heads were 
dissected, immediately frozen in OCT com- 
pound (optimum cutting temperature) 
(Miles Laboratories, Naparville, Fla) with 
liquid nitrogen, and stared at —70°C. The 
remaining nerve heads (two infant and two 
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adult) were immersed in 4% paraformal- 
dehyde (pH 7.4) for one hour, washed in 0.1 
mol/L of phosphate-buffered saline (PBS), 
and infiltrated with 2.3 mol/L of sucrose in 
PBS. One-millimeter tissue blocks incorpo- 
rating the lamina cribrosa were mounted 
on stubs and frozen in liquid nitrogen, 
where they were stored until ready for 
sectioning at a thickness of 1.0 um. 
= Thick (5-um) frozen sections were cut 
from unfixed tissue on a Reichert Frigocut 
cryostat and mounted on albumin-coated 
glass slides. Thin (1.0-um) frozen sections 
were cut at —60°C from the fixed, sucrose- 
embedded tissue on a Reichert Ultracut E 
microtame with a cryo attachment (model 
FC4E). These sections were mounted on 
poly-D-lysine-coated glass slides and 
stored at 4°C for immunoperoxidase label- 
ing. 
Both thick (unfixed) and thin (fixed) 
sections were immunolabeled by the same 
proteco!. Sections were first blocked with 
either 2% nermal rabbit serum (colla- 
gens), goat serum (laminin), or horse 
serum (fibrillin) in PBS that contained 1% 
bovine serum albumin (PBS/BSA) (pH 
7.4). The sections were then incubated for 
60 minutes at-room temperature in one of 
the following primary antibodies: goat 
polyclonal antibodies to collagen types I 
(1:500 and 1:50, thick and thin sections, 
respectively), II (1:100), III (1:2000 and 
1:3500), and FV (1:400 and 1:75); affinity- 
purified sheep polyclonal antibodies to 
human collagen type I (1:100); rabbit poly- 
clonal antibodies to mouse Engelbreth- 
Holm-Swarm tumor laminin (1:100); and 
mouse monoclonal antibodies to human 
fibrillin, the microfibrillar portion of elas- 
tic fibers (6 mg/L). The control sections 
were incubated in equal dilutions of nor- 
mal goat serum (collagens) and rabbit 
serum (laminin) in 1.0% BSA/PBS. Other 
control sections were incubated in anti- 
bodies to collagen types I and III that were 
preincubated with purified rat-tail colla- 
gen type I, judged pure by sodium-dodecy]- 
sulfate-polyaerylamide gel electrophore- 
sis. For both fixed and unfixed tissues, 
antibody incubations were performed in 
parallel so all age-related comparisons 
were done using eyes that were identically 
fixed, embedded, and sectioned. 

Goat polyclonal antibodies to collagen 
types I through IV, raised against human 
and bovine collagen, were purchased from 
Southern Bietechnologies (Birmingham, 
Ala). Each of these antibodies was affini- 
ty-purified, cross-adsorbed against the 
remaining four purified human collagens, 
and specificity confirmed by enzyme- 
linked immunosorbent assay by the com- 
pany. Our laberatory performed a dot-blot 
analysis, which demonstrated strong reac- 
tivity of both sheep and goat antibodies to 
collagen type I with purified rat-tail colla- 
gen type I. Similar analysis showed no 
cross-reactivity of antibodies to collagen 
II, III, and IV with collagen type I. 
Antibodies to laminin were judged pure by 
immunoprecipitation and sodium-dodecyl- 
sulfate-polyacrylamide gel electrophore- 
sis.'* The dot-blot analysis performed in 
our laboratory showed no cross-reactivity 
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of any of the polyclonal antibodies to 
human fibronectin. All of these antibodies 
have been successfully used in previous 
light and electron microscopic analyses of 
the monkey optic nerve head.'*!? Charac- 
terization of the monoclonal antifibrillin 
antibodies has been reported elsewhere." 

After the primary antibody incubation, 
all sections were washed with PBS and 
incubated for 30 minutes in biotinylated 
secondary antibody to goat, rabbit, or 
mouse IgG (Vector Laboratories, Burling- 
ton, Vt) (1:250 in 1.0% BSA/PBS). Sections 
were then incubated in avidin-biotin-per- 
oxidase complex (Vector Laboratories) 
(1:125 in 1.0% BSA/PBS) for 45 minutes, 
washed, and developed in a 0.017% solution 
of 3-amino-9-ethylearbazole with 0.02% 
hydrogen peroxide in 0.1 mol/L of sodium 
acetate buffer (pH 5.3). All sections were 
counterstained with hematoxylin, cover- 
slipped with Kaiser’s glycerol jelly, and 
examined with phase and _ bright-field 
microscopy. 


RESULTS 
In the lamina cribrosa of the pre- 
mature infant eyes, antibodies 


against laminin and collagen type IV 
labeled both the margins of the lami- 
nar beams and the blood vessels con- 
tained within them. In both struc- 
tures, the label was distinctly linear 
(Fig 1). This distribution was identi- 
cal to that produced in comparable 
sections of the adult lamina cribrosa. 

In both fixed and unfixed tissues, 
antibodies to the interstitial collagen 
types I and III showed both quantita- 
tive and qualitative differences be- 
tween the adult and immature lamina 
cribrosa. In all of the adult specimens, 
antibodies against collagen types I 
and III demonstrated heavy labeling 
within the thick laminar beams (Fig 
2, top left and top right). In contrast, 
label with these same antibodies 
appeared sparse in the smaller lami- 
nar beams of the premature lamina 
cribrosa (Fig 2, bottom left and bot- 
tom right). 

The antibody concentrations used 
in these experiments produced reac- 
tions of equal intensity for collagen 
types I and III in the adult lamina 
cribrosa (Fig 2, top left and top right). 
However, in both fixed and unfixed 
tissue, the premature lamina consis- 
tently demonstrated heavier and 
more extensive labeling when exposed 
to the collagen type III antibodies (Fig 
2, bottom left and bottom right). 
High-power examination revealed 
that this collagen was distributed 
both around the blood vessels and 
within the rudimentary laminar 
beams (Fig 3). Labeling with collagen 
type I antibodies in adult and prema- 
ture optic nerve heads was completely 
eliminated by preincubation with col- 





Fig 1.—Lamina csibrosa from premature 
infant eye labeled with antibodies to collagen 
type IV. Dark reactiom product outlines laminar 
beams (arrows) and blood vessels within 
beams (arrowheads) P indicates peripapillary 
sclera (fixed tissue, |.0-um section, hematox- 


ylin counterstain, original magnification 


x575). 


lagen type I, thus confirming the spec- 
ificity of these antibodies. However, 
preincubation with collagen type I did 
not affect labeling with collagen type 
III antibodies. 

Labeling with the fibrillin anti- 
bodies in unfixed tissue also revealed 
significant age-related differences in 
the distribution of elastic tissue. In 
the adult, distinct labeled fibers were 
found running longitudinally within 
the core of the laminar beams (Fig 4, 
left). Although numerous fibers were 
also seen within laminar beams of the 
premature eye, they were thinner, less 
numerous, and less distinct than in 
the adult eye (Fig 4, right). Labeling 
for fibrillin was nearly absent in the 
outer posterior selera of the adult eye 
(Fig 5, left). The labeling that was 
present was restricted to the regions 
of the peripapillary sclera. In con- 
trast, numerous fibers were found 
between collagen bundles at all levels 
of the immature posterior sclera (Fig 
5, right). Fibrillin antibodies failed to 
label fixed tissue from either young or 
old eyes, probably due to masking of 
the epitope from these highly specific, 
monoclonal antibodies. 

For all of the antibodies, minor 
variations existed within each group 
of eyes. However, these were well 
within the level of variability inher- 
ent in the qualitative technique we 
used. No specific label was seen when 
either adult or infant tissue was 
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Fig 2.—Comparison of adult (top left and top right) and p 
antibodies to collagen types | and IlI. Premature laminar 
heavier label with antibodies to collagen type Ill than type 
in adult lamina (fixed tissue, 1.0-um sections, hematoxyl 


exposed to antibodies against collagen 
type II. Similar results were obtained 
when primary antibodies were re- 
placed by nonimmune rabbit and goat 
serum, which represented negative 
controls. 


COMMENT 


In both immature and adult eyes, 
we found that laminin and collagen 
type IV were linearly distributed 
within and along the margins of the 


Fig 3.—High-power view of premature lamina 
cribrosa illustrates presence of collagen type 
Ill around blood vessels (arrows) and within 
rudimentary laminar beams (arrowheads) 
(fixed tissue, 1.0-um section, hematoxylin 
counterstain, original magnification X725). 
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remature (bottom left and bottom right) lamina cribrosa labeled with 
beams are much smaller than those of adult eye and demonstrate 
| using antibody dilutions that produced reactions of equal intensity 
in counterstain, original magnification X310). 


laminar beams. This distribution is 
consistent with the results of previous 
studies of adult humans and mon- 
keys.*"' With the use of immunoelec- 
tron microscopy, laminin and collagen 
type IV were recently identified with 
basement membranes. These mem- 
branes are associated with vascular 
endothelial cells that lie within the 
laminar beams and with astrocyte 
basement membranes that separate 
the nerve bundles from the core of the 
laminar beams.!” 

The primitive septa of the scleral 
lamina are formed during the second 
and third months of gestation by glial 
cells oriented perpendicular to the 
ganglion cell axons." The basement 
membranes of these glial cells form 
the outer boundaries of the septa and 
correspond to the laminin and colla- 
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Fig 4.— Adult (left) and premature (right) lamina cribrosa labeled with antibodies to fibrillin. Elastic fibers (arrows) are heavy 
and distinct in adult laminar beams, but finer and less distinct in premature lamina. P indicates peripapillary sclera with 
abundant elastic tissue in premature eye; NB, neural bundle (unfixed tissue, 5.0-um sections, hematoxylin counterstain, 


original magnification X525). 





Fig 5.—Outer region of adult (left) and premature (right) posterior sclera labeled with antibodies to fibrillin. Adult sclera 
demonstrates minimal labeling while immature sclera contains abundant fibers (unfixed tissue, 5.0-um sections, hematoxylin 
counterstain, original magnification X525). 


gen type IV labeling in premature 
eyes. Subsequent migration of me- 
senchymal tissue into the lamina cri- 
brosa is presumably confined within 
the laminar beams by these basement 
membranes. This is much the same as 
has been described for other develop- 
mental phenomena.””” 

We have found substantial quanti- 
ties of both collagen types I and III in 
the adult human lamina cribrosa. 
This confirms the findings of oth- 
ers’ and is consistent with our own 
results in menkeys.'*” 

Although we detected both collagen 
types I and MI in the neonatal lamina 
cribrosa, they were confined to areas 
surrounding blood vessels and within 
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rudimentary laminar beams that 
were much narrower than those seen 
in comparable adult sections. This 
supports previous electron microscop- 
ic evidence that collagen appears in 
the lamina cribrosa in utero and accu- 
mulates after birth, gradually enlarg- 
ing the laminar beams throughout 
life.? The small size and relatively low 
collagen content of the laminar beams 
may allow the premature lamina cri- 
brosa to be more easily deformed by 
elevations in intraocular pressure, 
which leads to increased disc-cup 
size. 

Furthermore, when we used dilu- 
tions of antibodies that gave equal 
labeling intensity in the adult tissue, 








e F: A e Ml ga 3 p pap: -i 


the premature laminar beams labeled 
more strongly with the antibodies 
against collagen type III than with 
antibodies to collagen type I. This 
indicates that many infant eyes con- 
tain a high proportion of collagen type 
III within their laminar beams. Colla- 
gen type III is a prominent constitu- 
ent of several distensible tissues, 
including blood vessels, the uterine 
wall, and skin. It is thought to provide 
less tensile strength but more resil- 
ience than collagen type I.”” The rel- 
atively high proportion of collagen 
type III within the premature lamina 
cribrosa may further contribute to the 
ease with which the optic nerve head 
is deformed in congenital glaucoma, 
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while its resilience may contribute to 
the reversibility of cupping in this 
condition. 

Our study also demonstrates that 
elastic tissue is present in both the 
premature and adult lamina cribrosa. 
The monoclonal antibodies used here- 
in are directed against fibrillin, a 
component of microfibrils.’ At the 
electron microscopic level, these anti- 
bodies mark the periphery of true 
mature elastic fibers by labeling 
microfibrils seen around the amor- 
phous elastin core of the fibers.' 
These antibodies also label bundles of 
microfibrils without an amorphous 
component’ that are thought to rep- 
resent immature elastic fibers, or oxy- 
talan.**’ In addition, they produce 
characteristic labeling patterns simi- 
lar to those seen with traditional his- 
tochemical stains for elastin and oxy- 
talan.” We thus consider these anti- 
bodies to be a marker for both mature 
and immature elastic tissue. 

The appearance of label with fibril- 
lin antibodies as distinct fibers con- 
firms electron microscopic studies 
that suggest that elastic tissue exists 
in the lamina cribrosa as discrete 
fibers intermingled with collagen 
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sclera in the premature eye, confirm- 
ing similar findings in infant eyes 
stained for oxytalan.”’ Clinical and 
pathologic studies indicate that poste- 
rior scleral 
enlargement of the scleral canal may 
produce an apparent increase in cup 
size in cases of congenital glauco- 
ma.**°*' Large quantities of elastic tis- 
sue within the posterior sclera might 
reverse this enlargement once intra- 
ocular pressure is reduced. However, 
this is unlikely, since reversal of scler- 
al and corneal enlargement with pres- 
sure normalization has not been 
reported, to our knowledge. 
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The Extracellular Matrix of the Human Optic Nerve 


Michael H. Goldbaum, MD; Shyun Jeng, MD; Richard Logemann; Robert N. Weinreb, MD 


e The nerve fibers of the optic nerve are 
enclosed and segmented by extracellular 
matrix. With immunostains, we localized 
collagen types | through VI, laminin, and 
fibronectin in#frozen sections of the extra- 
cellular matrix of the prelaminar, laminar, 
and retrolaminar human optic nerve. The 
internal limiting lamina of the optic nerve 
has an extracellular composition similar to 
the thicker adjacent retinal internal limit- 
ing lamina. We confirmed that the lamina 
cribrosa contains type IV collagen and 
laminin, whereas the sclera does not. The 
septa of the retrolaminar optic nerve ap- 
pear as vascular inward extensions of the 
pia mater. The glial tube that lines the op- 
tic nerve extends forward from the retro- 
laminar optie nerve through the lamina 
cribrosa to end anteriorly at the retinal 
pigment epithelium. It does not separate 
the optic nerve from the adjacent sensory 
retina. 

(Arch Ophthalmol. 
1231) 


1989; 107:1225- 


The nerve fibers of the optic nerve are 
enclosed and segmented by extra- 
cellular matrix that provides support 
and anchorage for the neural ele- 


ments. This framework can be part of 
the disease process in glaucoma. 

The extracellular matrix of the optic 
nerve is composed of collagens; noncol- 
lagenous glycoproteins, such as lami- 
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nin and fibronectin; and proteoglycans, 
which incorporate glycosaminogly- 
cans in their structure. Among other 
functions, the collagens contain, sup- 
port, and interconnect body tissue; di- 
rect differentiation, migration, and 
orientation of cells; and form filtration 
membranes. Collagen types I, II, and 
III are the interstitial collagens that 
form the fibrillar extracellular fabric 
of the connective tissue. Sclera is a 
good example of tissue composed of 
interstitial collagens. Type I collagen 
molecules form large fibers where ten- 
sile strength is important.'* Type I 
collagen is present in hyaline cartilage 
and secondary vitreous.' Type III col- 
lagen constitutes reticular fibers and is 
particularly abundant in the spleen 
and in association with blood ves- 
sels. All basement membranes con- 
tain type IV collagen. These molecules 
form an open nonfibrillary network‘ 
composing a sheetlike structure’ that 
is the lamina densa part of the base- 
ment membrane. Type V collagen 
shares features of the interstitial and 
basement membrane collagens and 
may extend across the lamina rara on 
the side away from the cell to connect 
the lamina densa to the adjacent in- 
terstitial collagen.’ Collagen type VI, 
known as microfibrillar or intima col- 
lagen, occurs in interstitial connective 
tissue. These microfibrils may bridge 
regions of different biomechanical 
properties.’ 

Two important glycoproteins are 
laminin and fibronectin. Laminin, a 
ubiquitous basement membrane con- 
stituent, is an attachment protein able 
to link epithelial cells across the lam- 
ina rara to the lamina densa of the 
basal lamina, especially where fi- 
bronectin is not used.*!’ Fibronectin is 
a cell-surface and blood glycoprotein 
that mediates adhesion of cells to the 


extracellular matrix.'*’ There are sep- 
arate binding sites in the fibronectin 
molecule for glycosaminoglycans, for 
collagen, and for cells.'*"* 

Recently, light and electron-micro- 
scopic studies have shown immunolo- 
calization of collagen types I, III, IV, 
and V and elastin in the lamina 
cribrosa and its vicinity in the monkey 
optic nerve.'*” Inthe current study, we 
used immunolocelization to extend the 
analysis to the components of the ex- 
tracellular matr x of the prelaminar, 
laminar, and retrolaminar optic nerve 
of the human. 


MATERIALE AND METHODS 


We obtained 10 ,0stmortem eyes within 
6 to 24 hours of death from donors aged 68 
to 83 years. There was no known history of 
significant ocular cisease or glaucoma. The 
eyes were sectioned coronally at the equa- 
tor, and the poster or calotte was examined 
and photographec through a Zeiss ste- 
reomicroscope for evidence of disease and 
glaucomatous cupping. The optic nerves 
were removed wita a 10-mm trephine. 

These specimens were sectioned either 
parallel to the lamina cribrosa or longitu- 
dinally along the nerve. The sample was 
quickly frozen in isopentane cooled with 
liquid nitrogen. Frozen sections 8 um thick 
were prepared with a cryomicrotome. The 
sections were attached to glass slides 
coated with chrome alum. To avoid false- 
positive stain from nonspecific avidin bind- 
ing, we blocked rative biotinlike residue 
with avidin-D (Vector Labs, Burlingame, 
Calif) and occupiec the exposed biotin bind- 
ing sites with free-d-biotin (Sigma, St Lou- 
is, Mo). The sections were washed three 
times and incubated with antigen-specific 
biotinylated antibody for 60 minutes at 
37°C. We rinsed the sections, treated them 
with streptavidin-horseradish peroxidase 
or a horseradisk peroxidase-conjugated 
secondary antiboéy (when nonbiotinylated 
antibodies were ased), and rinsed them 
again. We developed the stain color in the 
dark with the chromagens aminoethylear- 
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Monoclonal or immunized 


Antigen Polyclonal Host 





Antigen 
Specifically 
Tested for 

Cross-reactivity 


| Polyclonal Rabbit Il, IV, V Elution from | 1:400 
immunoadsorbens 

ll Monoclonal Mouse 1, WW Protein A 1:100 
purified 

Iil Monoclonal Mouse I, IV, V, VI Protein A 1:400 
purified 

IV Polyclonal Rabbit 1, lll, V, LN Elution from IV 1:200 
immunoadsorbens 

IV Monoclonal Mouse 1, tl, V, LN Protein A 1:200 
purified 

V Polyclonal Rabbit 1, Wl, IV Elution from V 1:100 
immunoadsorbens 

Vi Monoclonal Mouse 1, IV, FN, LN Protein A 1:400 
purified 

FN Polyclonal Rabbit Protein A 1:400 
purified 

LN Monoclonal Mouse IV, FN Protein A 1:200 
purified 











Purification Concentration 













* I through VI indicate collagen types | through VI; FN, fibronectin; and LN, laminin. All antigens were of human 


species. 


bazol for a red color or diaminobenzidine 
nickel chloride for dark brown stain. After 
a rinse in distilled water, the sections were 
covered with glycergel (Dako, Santa Bar- 
bara, Calif) and a coverglass. 

The negative controls for immunostain- 
ing were (1) substitution of bovine serum 
albumin, irrelevant antibody, or nonim- 
mune rabbit or mouse serum for the specific 
primary or secondary antibody to check for 
nonspecific binding, or (2) omission of 
streptavidin-horseradish peroxidase to 
check for native peroxidase. 

The antibodies to collagen types I, IV, and 
V were obtained from the laboratory of 
Heinz Furthmayr, MD.” Antibodies to 
collagen types II and III were a gift of Rob- 
ert Burgeson, PhD.®?* The antibody to col- 
lagen type VI was donated by Eva Engvall, 
PhD.” A second (monoclonal) antibody for 
type IV collagen was acquired from 
Chemicon*® (El Segundo, Calif). Antibodies 
to fibronectin and laminin were procured 
from Organon Teknika (Westchester, Pa) 
and Calbiochem (San Diego, Calif), 
respectively.” Antigen species and immu- 
nized host are listed in Table 1. 

The antibodies were either monoclonal 
antibodies or polyclonal antibodies that 
had been appropriately adsorbed (Table 1). 
The dilutions used during incubation with 
the antibodies are listed in Table 1. The 
pattern of staining obtained with the poly- 
clonal antibody to type I collagen was con- 
firmed by repeating the stain on some sec- 
tions with a monoclonal antibody contrib- 
uted by Nirmala SandarRaj, PhD. The 
initial antibodies to type IV collagen were 
polyclonal, cross-adsorbed against laminin 
and collagen types I, III, and V. Later in the 
study, different sections of the same speci- 
men were stained with a monoclonal anti- 
body to collagen type IV and with a poly- 
clonal antibody to collagen type IV. The 
polyclonal and monoclonal versions of these 
antibodies did not differ in their staining 
patterns. 


The concentrations of antibodies listed in 
Table 1 produced no visible stain in tissue 
where the target antigen was absent. The 
negative controls likewise did not have vis- 
ible stain. The light microscopy sections 
were not counterstained; consequently, 
photographic density indicated immunolo- 
calization. 

Some specimens were processed for 
transmission electron microscopy. Pieces 
0.5 mm in size were fixed in buffered 3% glu- 
taraldehyde, postfixed with buffered 2% 
osmium tetroxide, dehydrated in alcohol, 
and embedded in epoxy resin. Sections 90 
nm thick were picked up on uncoated 200- 
mesh nickel grids, poststained with uranyl 
acetate-bismuth, and examined with the 
Zeiss-10 at 60 kV. 


RESULTS 
Prelaminar Optic Nerve 


The summary of the staining reac- 
tions in all eyes is listed in Table 2. At 
the anterior surface of the optic nerve, 
the internal limiting membrane of 
Elschnig™” stained moderately for 
collagen types I (Fig 1) and V (Fig 2) 
and fibronectin and strongly for type 
IV collagen (Fig 3) and laminin. There 
was no obvious stain to indicate a col- 
lagenous or glial border between the 
optic nerve and the sensory retina 
(Fig 3). The intermediary tissue of 
Kiihnt” extended no farther anteriorly 
than the RPE and stained for collagen 
types IV and V and laminin (Fig 2 and 
Fig 3, inset). The glial septa, with their 
associated capillaries, formed a pat- 
tern of tubules*' surrounding bundles 
of axons. Stain for types III, IV, and V 
collagen was present between the capil- 
laries in the glial septa, possibly in as- 
sociation with the glial cells in the 
septa (Figs 2 through 5). Near the cen- 
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tral retinal vessels, there was light 
stain for type I collagen between the 
capillaries in the septa (Fig 5, inset). 
The tissue associated with capillaries 


embedded in the glial septa stained for 4 


all antigens (collagen types I, ITI, IV, V, 
and VI, laminin, and fibronectin) ex- 
cept collagen type II (Figs 3 through 6). 


Laminar Optic Nerve 


The stroma of the thick septa of the 
lamina cribrosa stained fairly homo- 
geneously for collagen types I and III. 
Fibronectin and collagen types V and 
VI were found between the fibrous 
bundles within the septa. Collagen 
type IV and laminin surrounded each 
septum as an interface between the 
septum and the neural tissue (Fig 7). 
Streaks of type IV collagen extended 
from this lining layer into the septal 
stroma. Electron microscopy revealed 
that there was not much basal lamina 
within the septum, and it mostly lined 
extensions of glial processes into the 
septum (Fig 8, left). Laminin followed 
the same staining pattern as type IV 
collagen. Antibodies for collagen types 
V and VI heavily stained the septal 
stroma, but they appeared to be lo- 
cated mainly between the bundles of 
dense fibrous tissue. 

The edge of the optic nerve at this _ 
level was surrounded by a circumfer- 
entially oriented ring of dense collagen 
fibers composing a nonglial outer part 
of the border tissue of Elschnig” 
(Fig 9). This ring of collagen bundles 
stained for types I, III, V, and VI col- 
lagen. Though antibodies to type VI 
collagen heavily stained this structure, 
this antigen was between the large 
bundles of collagen fibers and at the 
edges of the ring. Fibronectin was lo- 
cated between the bundles of fibers in 
the ring, in the stroma of the septa, and 
in the tissue on the seleral side of the 
ring. Type IV collagen was not present 
in this ring of fibers. Where neural tis- 
sue was adjacent to the ring of fibers, 
the neural tissue and ring were sepa- 
rated by the glial layer of Jacoby” that 
contained types IV and V collagen and 
laminin (Figs 2 and 9). Laminin had 
the same stain pattern as type IV col- 
lagen. 

As recently reported by Hernandez 
et al,'° we found a wedge of tissue with 
the staining characteristics of the 
septa in the lamina cribrosa extended 
beyond the ring of the border tissue of 
Elschnig in many areas. It was as if 
lamina cribrosa septa were passing 
through the border tissue of Elschnig 
into the sclera (Fig 9). Electron mi- 
croscopy demonstrated elastic tissue 
in the wedge in a fashion similar to 
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Fig 1.—Internalilimiting lamina with aminoethylcarbazol immunostain (see text or Table 1) for fi- 
bronectin (arrow) on the optic nerve and adjacent retina. No counterstain was used in the light mi- 
croscopy secticns; photographic density indicates the presence of antibody (original magnifica- 
tion X 140). (Let inset, stain for type | collagen, original magnification X250. Right inset, laminin 
stain; origina! magnification X250). 





Fig 3.—Longitudinal section of optic nerve, at the level of the retina and choroid, and adjacent 
eye wall stained for type IV collagen. The glial tube that separates optic nerve from surrounding 
extracellular matrix is-called layer of Jacoby (J) at the level of choroid and sclera and intermediate 
tissue of Kühnt (K) at level of retinal pigment epithelium (RPE), where it terminates (arrowhead). 
Note the presence offtype IV collagen in internal limiting lamina (large arrow) and gliovascular tu- 
bule (G) (original magnification X 150). Open arrows show absence of membrane at the transition 
between optic nerve and adjacent retina. Inset, Anterior extent of intermediate tissue of Kuhnt at 
retinal pigment epithelium (arrowhead) (original magnification X300). 


septal stroma, but much more than in 
the sclera (Fig 8, right). 


Retrolaminar Optic Nerve 


The septa in the retrolaminar optic 
nerve contained blood vessels and 
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stained in the same manner as the pia. 
The central part of a retrolaminar 
septum appeared more areolar than a 
laminar septum. The stroma stained 
for collagen types I, III, and VI. With 
immunostains for collagen types I and 
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Fig 2.—Longitudinal section through prelami- 
nar and laminar optic nerve stained for type V 
collagen (original magnification X 150). Stainis 
present in the interna’ limiting lamina, in capil- 
laries of the glial septa, in the glial tissue of the 
septa (arrow) between the capillaries, in the 
lamina cribrosa, and in the sclera. The base- 
ment membrane associated with the glial tube 
lining the optic nerve is clearly visible (arrow). 


III, the blood vessels did not stand out, 
and the stroma stain was generally 
homogeneous. Antibodies to collagen 
types V and VI provided a more fila- 
mentary stain. When septa were 
stained for collagen type VI, vessels 
stood out negatively because the vessel 
wall inside the adventitia did not stain 
for type VI collagen. Collagen type IV 
and laminin were found exclusively on 
the interface of the septa and the neu- 
ral tissue and at the location of blood 
vessels (Fig 10). Fibronectin was 
present in a streak pattern in the 
stroma of the septa. The pia surround- 
ing the nerve stained in a pattern 
identical to the septa, which arose 
from the pia. Collagen types IV and V 
and laminin linec the inner aspect of 
the pia as the peripheral glial mantle 
of Fuchs” (Fig 10). 


Pattern of Stain 


The antibodies to the interstitial 
collagen types I and III stained the 
sclera, lamina cribrosa septa, and 
retrolaminar septa, generally homoge- 
neously. Where glial tissue was not 
closely associated with other collage- 
nous tissue, collagen types I and III 
could be seen. We were unable to de- 
termine whether eollagen types I or III 
were present in the glial lining of the 
septa or in the glial tube bordering the 
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Fig 4.—Longitudinal section of glial tubules in the prelaminar optic 
nerve, stained for type Ill collagen. Nerve fibers compress glia and blood 
vessels into tubule walls. Not only do capillaries stain (open arrow) but 
also do septal material such as glia between capillaries stains (solid ar- 
row) (original magnification X280). Inset, Structure consistent with the 





tion X280). 


structure of a glial cell with processes extending away from capillary, 
both staining for type Ill collagen (original magnification X650). 
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Fig 6.—Longitudinal section through prelami- 
nar, laminar, and retrolaminar optic nerve 
stained for type VI collagen (original magnifi- 
cation X50). Stain is present in the capillaries 
(only) of the glial septa, the lamina cribrosa, 
and the sclera. Note the absence of type VI 
collagen in the internal limiting lamina. 


optic nerve, when the stains were 
present in the adjacent interstitial 
collagens. Type IV collagen and lami- 
nin were distributed alike in tissue. 
They were present in the optic nerve 
where glia were found. They did not 
stain interstitial collagen, such as 
sclera, but were found in the septa of 
the lamina cribrosa as streaks accom- 
panying glial cell processes extending 
within the stroma of the septa. Colla- 
gen types V and VI had a similar fila- 








Fig 5.— Transverse section through prelaminar aptic nerve, stained for 
type Ill collagen, showing glial tubules (G) adjacent to central retinal 
vessels (original magnification X 180). Inset, glia! tubules close to cen- 
tral retinal vessels stain weakly for type | collagen (original magnifica- 


Fig 7.— Transverse section of lamina cribrosa stained for type IV collagen showing lamina cribro- 
sal septum (LCS) with type IV collagen at the surface (arrowheads) or as streaks within the sep- 
tum. At this magnification, even though the section is 8 um thick, the depth of field provides the 
equivalent of a 1-um section (original magnification X 1100). 


mentary pattern of stain in the fibrous 
tissue, as if they were between bundles 
composed mostly of types I and III col- 
lagen. In addition, the antibody to col- 
lagen type V stained glial septal tissue 
between the capillaries and the glial 
tube lining the optic nerve, whereas 
the antibody to collagen type VI did 
not. Fibronectin also appeared to be 
located between fibrous bundles in in- 
terstitial tissue. It was in blood vessel 
walls, but not in association with glial 
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cells, except at the internal limiting 
lamina. 


COMMENT 


The neural elements of the prelam- 
inar, laminar, and retrolaminar optic 
nerve are always separated from the 
interstitial collagens by a layer of as- 
trocytes. Our localization of type IV 
collagen and laminin confirms this ar- 
rangement. A comparable glial lining 
separates neural tissue from intersti- 
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of septum with process (P) into septum. Note lamina densa of basal lamina (arrowhead), which normally contains type 
IV collagen, surrounding glial cells (original magnification X40 000). Right, Electron micrograph of border (arrow) between 
LCS and wedge (W) of septalike tissue on the scleral side of the border. Note the abundance of elastic tissue in the wedge 
in contrast to the sclera, where elastic tissue is much less extensive. Basal lamina is frequently found at the border (orig- 
inal magnification X6500). 
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Fig 9.—Longitudinal section of the border between optic nerve and 
choroid and sclera, stained for type IV collagen. Lamina cribrosa (LC) 
passes through glial tube lining optic nerve (solid straight arrows) as 
wedge (W and arrowheads) into sclera (S). Wedge stands out because 
it contains type IV collagen, whereas the sclera does not. Just external 
to the glial tube that lines the optic nerve, large scleralike fibers are cir- 
cum#erentiallyoriented and do not contain collagen type IV (open arrow). 
At the level of the lamina cribrosa, only large fibers that pass outward 
through the circumferential fibers between the lamina cribrosa and the 
wedge have type IV collagen (original magnification X400). 


Fig 10.—Longitudinal section of retrolaminar optic nerve stained for type 
IV collagen demonstrating septa (S) as inward extensions of pia mater 
(P). Collagen type IV is found at the surface of septum, in blood vessels 
within the septum, and at glial cells (G) between the nerve fiber bundles 
(original magnification X 150). 


tial cellagens throughout the central 
nervous system: The internal limit- 
ing lamina of the optic nerve, which 
separates the axons of the optic nerve 
from the vitreous collagens, is part of 
this arrangement, being composed of a 
thin layer of glial cells,” where we 
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found associated laminin, type IV col- 
lagen, and lesser amounts of collagen 
types I and V and fibronectin. These 
were the same components seen in the 
adjacent thick internal limiting lam- 
ina of the retina, which may be se- 
creted by the Miiller cells. The laminin, 


fibronectin, and collagen type IV 
should help mediate the adhesion of 
the vitreous collagens to the optic 
nerve. Possibly, the type I collagen in- 
creases the tensile strength of the in- 
ternal limiting lamina. 

The optic nerve is bordered by a tube 
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Table 2.—Summary of Staining Reaction in All Eyes* 


Lamina Cribrosa 


SS, 


Glial Border Wedge Pial Pial 
Septal Septal Lining Ring vs Septal Septal Glial 


Prelaminar Optic Nerve 
LLB, 


Glial Glial 
Tubules Cells 


Retrolaminar Optic Nerve 


Antigen ILL 


Same 
Stands out 





1 0 0 2 1 2 ł 1 Same 1 i 0 
LN 2 2 2 2 Streaks 2 2 0 Stands out 0 except 2 2 
blood vessels 


*ILL indicates internal limiting lamina; | through VI, collagen types | through VI; FN, fi 


strong stain. Ellipses indicate undetermined. 
tAdjacent to central retinal vessels. 


Could not be determined owing to adjacent positive staining. 


of glia, named according to its location 
along the nerve as the border tissue of 
Kiihnt at the level of the retina, the 
border tissue of Jacoby at the level of 
the choroid and sclera, and the periph- 
eral glial mantle of Fuchs at the level 
of the optic nerve sheath.** We ob- 
served that collagen types IV and V 
and laminin, making up part of the ex- 
tracellular matrix of the border tissue 
of Kiihnt, extended anteriorly only to 
the level of the pigment epithelium 
and Bruch’s membrane. There was no 
type IV or V collagen membrane sepa- 
rating the optic nerve from the neuro- 
sensory retina. Morrison et al'* found 
type V collagen in basal lamina in 
electron micrographs of monkey optic 
nerves. Since astrocytes of the central 
nervous system are surrounded by 
basal lamina, absence of stain for col- 
lagen types IV or V indicates that the 
glial border tissue of Kiihnt does not 
extend anterior to the retinal pigment 
epithelium. 

Our stains did not have a different 
pattern of stain in that part of the glial 
lining where tight junctions are ex- 
pected between the glial cells and the 
pigment epithelium,” and the border 
tissue of Jacoby further posterior, 
where tight junctions have not been 
described.” 

The type III collagen that we noted 
throughout the glial septa and the type 
I collagen in the glial septa near the 
central vessels of the prelaminar optic 
nerve may add structural strength. 
Since these glial septa are rich in small 
blood vessels, perhaps cells in the 
small blood vessel wall are responsible 
for the production of type III collagen 
there. According to the adhesive prop- 
erties attributed to type IV collagen 
and laminin, these materials appear to 
join the nerve fibers to the glial septa 


and likely play a role in directing em- 
bryonic nerve fiber growth.*7 

At the lamina cribrosa, like Hernan- 
dez et al,” we found type IV collagen; 
however, we noted that it was limited 
to the surface of the septa and to 
streaks extending within the septa 
from the surface. Electron microscopy 
demonstrated glial cells surrounding 
the septa and extending within the 
septa. Around each of these glial cells 
was basal lamina, where collagen 
types IV and V and laminin are nor- 
mally found.'* The insinuation into the 
septa of glial processes surrounded by 
collagen type IV and laminin should 
serve to reinforce the fixation of the 
nerve fibers to the lamina cribrosa. 
Because a chronic change in the shape 
of the lamina cribrosa can occur with 
the elevated intraocular pressure in 
glaucoma,” it is possible that the bind- 
ing of the nerve fibers to the displaced 
lamina cribrosa may augment the dis- 
tortion of the nerve fibers as one of the 
possible causes of impeded axoplasmic 
flow. Other laboratories have also 
found a large amount of collagen types 
I and III in the lamina cribrosal septa 
of the adult human and cynomolgus 
monkey.” The large amounts of col- 
lagen types I, III, and VI in the septa 
are in fibers that provide integrity to 
the eye wall to help protect against ex- 
trusion of eye contents through the 
posterior scleral foramen. The elastic 
fibers may furnish resilience to pulsa- 
tile outward forces at the lamina 
cribrosa. 

The presence of septa-type tissue 
outside of the scleralike tissue in the 
ring of interstitial collagen (Elschnig) 
surrounding the lamina cribrosa is 
particularly interesting. It is possible 
that the septal tissue may be embryo- 
logically different from the adjacent 
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bronectin; and LN, laminin. A score of O means no stain; 1, weak stain; and 2, 


sclera, as hypothesized by Hernandez 
et al.” The increase in laminin and 
collagen type IV after birth? suggests 
that glial cells extending into the septa 
secrete much of these components af- 
ter birth. This wedge of septal tissue 
into the sclera may also indicate a 
strong anchoring of lamina cribrosa 
septa into the adjacent sclera. 

An alternative possibility is that the 
embryonic lamina cribrosa may form 
by extension of develeping scleral tis- 


sue into the optic nerve toinfiltratethe * 


glial cells that are already present in 
the evolving neuroectodermal optic 
stalk.” By producing laminin, the glia 
along the length of the early stalk 
might guide the axons growing back- 
ward from the developing retina. The 
developing nerve fiber bundles would 
then compress the glia into walls of the 
adjacent tubules that appear as septa 
in histologic sections. At the site of the 
lamina cribrosa, the cells that lay 
down the sclera could infiltrate the al- 
ready present glia. The laminin and 
type IV collagen added by these glia 
then might make the lamina cribrosa 
and the wedge appear different from 
the sclera. 


This research was funded by a grant from the 
Veterans Administration (Dr Goldbaum). 
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The Relation Between Glaucomatous Damage 
and Optic Nerve Head Mechanical Compliance 


Ran C. Zeimer, PhD, Yuichiro Ogura, MD 


@ Histologic studies seem to imply that 
the mechanical compliance of the optic 
nerve head, namely, its displacement 
under a given pressure, may be altered in 
glaucoma. We have developed a method 
to noninvasively measure the optic nerve 
head displacement. In postmortem human 
glaucomatous eyes, the optic nerve head 
compliance decreased as the visual field 
worsened (n = 15, r= —.34). The mean 
difference between the optic nerve head 
displacement of the two eyes in subjects 
with symmetric clinical findings differed 
significantly from the mean in subjects 
with asymmetry. In the latter group, the 
lower value was always measured in the 
more affected eye. No significant correla- 
tion was found between age and the optic 
nerve head compliance. Overall, the 
results indicate that, in glaucoma, there is 
a stiffening of the mechanical support of 
the optic nerve head. 

(Arch Ophthalmol 
1234) 


1989; 107:1232- 


Histologic studies of glaucomatous 
human eyes have shown that the 
axonal fibers are damaged at the lam- 
ina cribrosa. Maumenee! suggested 
that the damage is caused by changes 
in the lamellar layers through which 
the bundles of axons pass. The possi- 
ble important role of the lamina cri- 
brosa was illustrated by the following 
observations about its structure: ( 1) it 
varies locally in accordance with the 
location of the primary sites of dam- 
age**; (2) it is altered already in early 
stages of glaucoma’; and (3) it is dis- 
rupted in late stages.?5° 
These findings seem to indicate that 


the mechanical compliance of the — 


lamina cribrosa, namely, its deforma- 
tion under a given pressure, may be 
altered in glaucoma. One may even 
speculate, as we and later others 
did,'' that an altered elastic strength 
of the lamina cribrosa is responsible 
for the susceptibility of some eyes to 
glaucomatous damage.” 

The possibility that the mechanical 
compliance plays a role in glaucoma- 
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tous pathogenesis has prompted us to 
develop a method capable of measur- 
ing it noninvasively in vivo.» We 
recently validated the method by com- 
paring it, in postmortem eyes, with an 
invasive method." 

We report on the study of changes 
in optic nerve head compliance accom- 
panying glaucoma. The compliance of 
glaucomatous postmortem human 
eyes was measured and the results 
were compared with those of nonglau- 
comatous eyes. Moreover, we evalu- 
ated the correlation between the optic 
nerve head compliance and visual 
function (assessed by visual field 
perimetry before death) and age. 


MATERIAL AND METHODS 
Noninvasive Measurement of the Optic 
Nerve Head Mechanical Compliance 


The principle of the method has been 
described in detail elsewhere.!> It is based 
on the fact that a momentary rise in the 
intraocular pressure causes the globe to 
inflate, and the motion of the optic nerve 
head relative to the adjacent sclera is 
directly related to its mechanical compli- 
ance; namely, the weaker the optic nerve 
head support, the larger the induced 
motion. This motion is monitored by laser 
Doppler velocimetry, which allows one to 
measure the velocity of a probed area 
relative to a reference. As mentioned else- 
where, to perform the measurement in 
postmortem human eyes the anterior 
hemisphere was removed and the posterior 
hemisphere was mounted on a holder."® The 
motion of the tissues was induced by 
applying a momentary suction pulse to the 
medium behind the globe. A laser beam, 
100 um in diameter, was placed first at the 
center of the optic nerve head, and the 
maximal displacement relative to a refer- 
ence was obtained by integrating the veloc- 
ity over time. Subsequently the laser was 
focused nasally, one-half disc diameter 
from the rim of the disc, and a second 
measurement was performed. The dis- 
placement of the optic nerve head was 
obtained by subtracting the above two 
displacements. The measurements were 
performed with a 150-ms pressure pulse of 
60 + 5 mm Hg below a resting subatmo- 
spheric pressure of 12 + 2 mm Hg in the 
bathing medium. This procedure is identi- 
cal to increasing the intraocular pressure 
by 60 mm Hg above a resting pressure of 12 
mm Hg. The signals were analyzed by an 
operator who had no knowledge of whether 
the eye was normal or not. 


Acquisition and Preparation of the 
Tissue 


Human eyes were classified by the eye 
banks from which they were obtained as 
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normal or glaucomatous, based on the 
information obtained from the family or 
the charts. Twenty-three donors were clas- 
sified as having normal eyes. Their ages 
varied between 25 and 76 years with a 
mean of 55 years. The optic nerve head 
compliance of these eyes was measured ten 
to 159 hours after death (mean, 61 hours). 
Nineteen donors were classified as having 
glaucoma in at least one eye. Their ages 
varied between 56 and 96 years. These eyes 
were processed 12 to 8@ hours after death 
(mean, 39 hours). The eye banks gave a 
higher priority in handling the glaucoma- 
tous eyes. The normal eyes were typically 
delayed because of lengthier routine proce- 
dures and the fact that these eyes are 
candidates for corneal transplant. As 
shown in the “Results” section, we studied 
whether the difference between the two 
groups in age and processing time after 
death could influence the results. 

For the eyes classified as glaucomatous, 
efforts were made to obtain the name of 
the ophthalmologist who had treated the 
patient before death. A standard form was 
then forwarded requesting some clinical 
information. The most relevant and consis- 
tently provided factor was the status of the 
visual fields, which were graded as follows: 
1, no defect; 2, increasing scotoma; 3, sig- 
nificant defect; or 4, loss of central field. 
We did not request more elaborate infor- 
mation since experience has shown that a 
more detailed questionnaire would reduce 
the number of responses. 

The tissue was shipped by air, refriger- 
ated on wet gauze. The globes were pre- 
pared for laser Doppler velocimetry fol- 
lowing the procedure described previously 
in detail." 


Statistical Analysis 


All the statistical evaluations were 
based on a single eye from each individual. 
When both eyes were of the same classifi- 
cation according to the eye bank, one of the 
eyes was arbitrarily selected. When only 
one of the two eyes was classified as glau- 
comatous, it was the eye selected. In many 
cases we processed the other eye and, as 
seen below, plotted the results, but these 
results were not incorporated in the statis- 
tical evaluation. Due in part to the limited 
sample size and the variability of the fac- 
tors, the statistical significance of the 
findings was low, and we arbitrarily chose 
P <.2 as the threshold ef significance. 

RESULTS 


Assessment of the Influence of Possible 
Artifacts 


As mentioned before, the measure- 
ments of the optic nerve head 
mechanical compliance were made ten 
to 159 hours after death. This raised 
the question of whether the time lapse 
could influence the results. To eluci- 
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5 Optic nerve head compliance vs visual field damage. Optic nerve head compliance is expressed 
-as displacement in «micrometers induced by pressure pulse of 60 mm Hg. Circles indicate 
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Cup-Disc Ratio§ Visual Field] 


Normal /SecG! 
PCAG/PCAG, 
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7 “ower ference for r abjecte with symmetry, 4.5 + 3.0 um; difference for subjects with asymmetry, 19.9 + 6.2 


m " $POAG indicates primary open angle glaucoma; PCAG, primary closed angle glaucoma; and SecGl, 


| . secede glaucoma. 


$a indicates <0.3; b, 0.3-0.5; c, 0.6-0.8; and d, >0.8. 
A. indicates ne defect; 2, increasing defect; and 3, significant defect. 





` date thisi issue, we studied the correla- 
-tion between time after death and 
< optie nerve head displacement sepa- 
. rately for the eyes classified by the 
eye banks ss nermal and glaucoma- 
tous. No statistically significant 
-correlation was found between 
time after death and the optic 
rve head displacement in the two 













. optic nerve head displacement 
is measured on average five times 
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for each eye. The reproducibility of a 
single measurement was + 5.0 um 
regardless of whether the eyes were 
classified as normal or as glaucoma- 
tous by the eye banks. 


Correlation Between Optic Nerve Head 
Displacement and Visual Fields 


The optic nerve head displacement 
was found to diminish with the degra- 


dation of the visual field. Using the 15 
eyes with visual field data, the corre- 












lation coefficient was — 34 (P 4 2), ii i 
four eyes classified by the eye banks 
as normal, enough data were available- 
to rule out visual losses. When these. 
eyes were incluced in the analysis 
with an assigned visual field value of 1. 
(triangles in the Figure) the correla- - 
tion coefficient was identical to the > 
one previously ound, —.34, but a 
somewhat enhanzed significance was! 
present (P< .1). These results are 
plotted in the Figure. S 
The difference in the optic nerve 
head displacement between fellow > 
eyes of individuzls with asymmetric 
glaucoma was compared with that of 
individuals with symmetric clinical 
findings. As shown in the Table, the | 
two groups were identified by compa 
ing the diagnosis, visual fields, and 
cup-to-dise ratic. Four individua 
were found with asymmetric glauco- __ 
ma, and seven :ndividuals (see the 
Table) were idertified as having an 
equal diagnosis, visual fields, and cup- 
hem had primary 
open angle glaucoma with varying = 
degrees of visual .oss. The mean range __ 
difference between the optic nerve 
head displacemert of the two eyes was 
4.5 + 3 um in the subjects with sym- 
metry and 20 + €2 æm in the subjects 
with asymmetry. In the latter group 
the lower value was always measured 
in the more affected eye. The results 
of these two grocps differ significant- 
ly (P < .01). 


Dependence on Age 


















to-disc ratio. All of t 


No significant correlation was 
found between age and the optic nerve 
head displacement either in eyes clas- 
sified by the eye banks as nonglauco- 
matous or among those classified as 
possibly glaucomatous. 


COMMENT 


Our method of measuring the optic 
nerve head displacement with the aid 
of laser Doppler velocimetry seems 
satisfactorily reproducible judging by 
the average SD of +5 um. Since we | 
averaged five measurements for each 
eye, the SEM is expected to be less — 
than +3 um. This reproducibility was 
achieved in glaucomatous and non- _ 
glaucomatous eyes. In addition to — 
being reproducible, the method was 
previously found to yield values that 
correspond to actual tissue motion.” 
We are also convinced that the proce- 
dure does not induce damage, at least 
as judged by histologic findings and 
stability of repeated measurements." 

The fact that the tissues were mea- 
sured and processed numerous hours 
after death raised methodologic: con- 
cerns. Although efforts were made 
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both by the eye banks and by us ‘to | 


reduce the time lapse, it was inevit- 
able for technical reasons. We investi- 
gated its influence by looking for a 
correlation between the time after 
death and the variable being assessed. 
-From the results it seems that no 
statistically significant correlation 


existed between the optic nerve head 


displacement and the time after 
death. 

In the evaluation of the clinical data 
we relied on the ophthalmologist who 
last saw the patient, and we limited 
the questions to a few key variables 
that were amenable to crude classifi- 
cation. This enhanced the probability 
of obtaining feedback from the clini- 
cians surveyed, and it simplified the 
classification. We believe that this did 
not limit our study since, at this point, 
we are only assessing general trends. 
In summary it seems that the meth- 


eS ods employed were adequate to pro- 
vide an indication of the relation 


between optic nerve head compliance 
and glaucomatous damage. 

The salient feature of our results is 
the reduction in optic nerve head com- 
pliance as the glaucomatous damage 
progresses, judged by visual field 
perimetry. The correlation coeffi- 
cients and the statistical significance 
are relatively weak. This is in part due 
to the small sample size and to the 
inaccuracy of the visual field score, 
but it probably also indicates that the 
variability of the optic nerve head 
displacement is only partly explained 
by the degree of visual field damage. 

Of particular interest is the study of 
intrasubject difference in optic nerve 
head displacement. The results indi- 
cate that when the two eyes are clini- 
cally similar, at least as judged by the 
diagnosis, visual fields, and cup-to- 
disc ratio, the difference in optic 
nerve head displacement is small. The 
value of 4.5 um is close to the variabil- 
ity due to the measurement itself: the 
_ SEM for each eye is expected to be 

| 5/\/5 = 2.3 um (SD/number of mea- 
surements), and thus the absolute val- 
- ue of the difference between the two 
-. eyes is expected to be \/2 larger, 


cs namely, 3.3 um. On the other hand, 
= there 


a is a significant difference 
w. (P <.01) in optic nerve head displace- 
-ment between fellow eyes with an 


-asymmetry in their glaucoma; the eye 


-with more damage exhibits a reduced 
- optic nerve head displacement. These 
findings reinforce the trend observed 
- in the population as a whole. 
The above results point to a stiffen- 
~ ing of the mechanical support of the 
_ optic nerve head in glaucoma. A key 
- question is whether the changes 


observed in glaucoma accompany the 


degeneration or precede it. From the- 
Figure it seems that the glaucomatous: 
eyes with normal visual fields. have- 
optic nerve head displacement similar — 


to normal eyes. It therefore does not 
seem likely that the mechanical sup- 
port of the optic nerve head is signifi- 
cantly abnormal in early stages of 
glaucoma but rather decreases along 
with the progression of damage, indi- 
cating an increasing stiffening of the 
tissue. 

One can speculate on a number of 
factors capable of accounting for this 
stiffening. Tengroth and Ammitzboll!' 
have observed possible changes in the 
composition of the optic disc collagen 
in glaucoma and postulated that open 
angle glaucoma may be induced by an 
altered collagen metabolism in the 
eye, leading to a change in the physi- 
cal properties of the lamina cribrosa. 
Hernandez and coworkers found 
that in glaucoma there is disorganiza- 
tion and fusion of layers of extracellu- 
lar matrix with a compression of the 
cribriform plates. 

These studies indicate that our 
results may be interpreted as a cumu- 
lative change in the elasticity proper- 
ties of the lamina cribrosa due to a 
change in the nature of the extracellu- 
lar matrix in this tissue. To clarify 
this question we are examining histo- 
logically the degree and the nature of 
the damage as well as the structure of 
the laminin in the lamina cribrosa of 
the eyes used in this study. 

Our results indicate that the 
mechanical support of the optic nerve 
head stiffens with the progression of 
damage, raising the question of 
whether the optic nerve head dis- 
placement can be used as a sensitive 
index of damage. The optic nerve head 
displacement does not seem to be 
promising as a screening tool since 
the variability among normal subjects 
is large relative to the changes 
induced by glaucoma. On the other 
hand, the results of fellow eyes indi- 
cate that the method could assess 
changes in an individual. From the 
Figure we can estimate that the optic 
nerve head displacement drops from a 
normal value of 23 um to an extrapo- 
lated value of 5 um in very advanced 
disease. For the method to be sensi- 
tive it must be reproducible to a frac- 
tion of this 18-um change. The SEM of 
five in vitro measurements is 2.3 uM, 


namely, 12% of the change. However, 
such a reproducibility would be difi- 


cult to achieve in vivo with our laser 
Doppler velocimetry method and 
probably any other noninvasive meth- 
od. 


1234 Arch Ophthalmo!—Vol 107, August 1989 





_ This investigation was supported in part by 
research grant EY-03841 and Ophthalmic 
_ Research Center Core Grant EY-1792 from the 
-National Eye Institute, Bethesda, Md. 

_.. Human eyes and tissues were obtained from 
-the Illinois Eye Bank (Chicago), the Michigan 


Eye Bank (Ann Arbor), the Wisconsin Eye Bank 
(Madison), the National Disease Research Inter- 
change (Philadelphia), the Foundation for Glau- 
coma Research (San Franciseo), and Eye Bank 
International (Baltimore). 

Chen Ke performed laser Doppler velocimetry, 
Marek T. Mori assisted in the preparation of the 
experimental setup, Theresa A. Persico handled 
the manuscript, Kathleen Louden edited it, Mar- 
lene Heneghan collected the clinical data, Linda 
Warren executed the artwork, and Norm Jednock 
and the photography department provided pho- 
tographic services. 


References 


1. Maumenee AE: Causes of optic nerve dam- 
age in glaucoma. Opkthalmology 1983;90:741- 
752. 

2. Quigley HA, Addicks EM: Regional differ- 
ences in the structure of the lamina cribrosa and 
their relation to glaucomatous optic nerve dam- 
age. Arch Ophthalmol 1981:99:137-143. 

3. Radius RL, Gonzales M: Anatomy of the 
lamina cribrosa in human eyes. Arch Ophthalmol 
1981;99:2159-2162. 

4. Radius RL: Regional specificity in anatomy 
at the lamina cribrosa. Arch Ophthalmol 1981; 
99:478-480. 

ð. Quigley HA, Hohman RM, Addicks EM, et 
al: Morphologic changes in the lamina cribrosa 
correlated with neural loss in open-angle glauco- 
ma, Am J Ophthalmol 1983-95:678-691. 

6. Quigley HA, Addicks EM, Green WR, et al: 
Optic nerve damage in human glaucoma: II. The 
site of injury and susceptibility to damage. Arch 
Ophthalmol 1981;99-635-649. 

7. Emery JM, Landis D, Paton D, et al: The 
lamina cribrosa in normal and glaucomatous 
human eyes. Ophthalmology 1974;78:290-297. 

8. Kamao T, Mizokami K, Isayama Y: Scan- 
ning electron microscopical studies for the lami- 
na cribrosa in normal and glaucomatous eyes, 
Jpn J Ophthalmol 1978;29:22T-236. 

9. Kubena K, Rehak S: Kolagenni architektura 
lamina cribrosa lidskeho oka pri glaukomu a 
tezke myopii. Cesk Oftalmol 1984-40:73-78. 

10. Zeimer RC, Wilensky JT, Solin SA: Nonin- 
vasive measurement of optie nerve head mechan- 
ical compliance. Invest Ophthalmol Vis Sei 
1980;19(suppl):276. 

11. Tengroth B, Ammitzboll T: Changes in the 
content and composition of collagen in the glau- 
comatous eye: Basis for a new hypothesis for the 
genesis of chronic open angle glaucoma. Acta 
Ophthalmol 1984;62:999-1008. 

12. Zeimer RC, Wilensky JT, Goldberg MF, et 
al: Noninvasive measurement of optic nerve head 
compliance by laser Doppler velocimetry. J Opt 
Soc Am 1981;71:499-501. 

13. Zeimer RC, Slocum J, Wilensky JT, et ai: 
Noninvasive measurement of optic nerve head 
mechanical compliance in normal and ocular 
hypertensive beagles. Curr Eye Res 1984;3:699- 
709 


14. Zeimer RC, Chen K: Comparison of a non- 
invasive measurement of optie nerve head 
mechanical compliance with an invasive method. 
Invest Ophthalmol Vis Sei 1987:28:1735-1739. 

15. Levy NS, Crapps EE: Displacement of optic 
nerve head in response to short-term intraocular 


„pressure elevation in human eyes. Arch Ophthal- 


mol 1984;102:782-786, 

16. Hernandez MR, Luo XX, Neufeld AH: Age 
related and glaucomatous changes in the extra- 
cellular matrix of the human optic nerve head. 
Invest Ophthalmol Vis Sci 1988;29(supp!):353. 


Optic Nerve Head—Zeimer & Ogura 


Accuracy and Precision of Keratometry, 


Photokeratoscopy, and Corneal Modeling 


on Calibrated Steel Balls 


Sadeer B. Hannush, MD; Susan L. Crawford; George O. Waring III, MD; 
Mary C. Gemmill; Michael J. Lynn, MS; Azhar Nizam, MS 


® Surgical manipulation of corneal 
shape requires an accurate and precise 
method of measuring anterior corneal cur- 
vature from apex to limbus. We evaluated 
the accuracy and precision of the Bausch 
& Lomb Keratometer, Kera Corneascope, 
and Computed Anatomy Corneal Model- 
ing System by measuring comparable 
locations on four calibrated steel test 
balis. The Keratometer and Corneal Mod- 
eling System were more accurate and 
precise than the Corneascope. No statisti- 
cally significant difference was found 
between the Keratometer and Corneal 
Medeling System with respect to accura- 
cy or precision. In addition, the accuracy 
and precision of all 31 rings of the Corne- 
al Modeling System were studied. Rings 2 
through 26 were read accurately and pre- 
cisely within +0.25 diopter on three of 
the four balls. Values on the steepest ball 
were within +0.37 diopter. 

{Arch Ophthalmol 1989;107:1235- 
1239) 


efractive corneal surgery has 

emphasized the need for accurate 
and precise methods of measuring the 
power of the entire corneal surface. 
Aecuracy describes the proximity of a 
measured value to the real or given 
value; precision describes the repro- 
ducibility of measurements. Available 
techniques for measuring anterior 
corneal surface curvature include ker- 
atometry, photokeratoscopy, and 
video corneal imaging.’ The three 
types of instruments measure differ- 
ent areas of the cornea (Fig 1). Video 
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corneal imaging has the capability of 
measuring the entire corneal surface, 
but, to our knowledge, the accuracy 
and precision of this method has not 
been discussed in the literature. We 
evaluated the accuracy and precision 
of measurements made by three 
instruments on four spherical steel 
test balls. 


MATERIALS AND METHODS 
Instruments 


The Keratometer (Bausch & Lomb, 
Rochester, NY), the 12-ring Corneascope 
(Kera Corp, Santa Clara, Calif), and the 
Corneal Modeling System (Computed 
Anatomy Inc, New York) were used to 
measure the dioptric power of the surface 
of four calibrated, clean, steel test balls. 
The steel balls were manufactured for 
Computed Anatomy Inc and mounted in 
casings. The given calibrated radius of 
curvature and dioptric power values were 
7.85 mm (43.00 diopters) for ball A, 7.84 
mm (42.52 D) for ball B, 6.73 mm (50.14 D) 
for ball C, and 8.73 mm (38.66 D) for ball D. 
Throughout this article, we refer to these 
balls as balls 48 D, 42 D, 50 D, and 38 D, 
respectively. A refractive index of 1.3375 
(the keratometric index) was assumed for 
conversion between radius of curvature 
and dioptric power. 

Two investigators, a corneal fellow 
(S.B.H.) and a certified corneal technolo- 
gist (M.C.G.) were specifically trained in 
the use of the three instruments. Each 
investigator performed three measure- 
ments on each steel ball with each instru- 
ment, without knowledge of the calibrated 
value of the ball. The balls were presented 
to the investigators in a random order. 


Measurement Techniques 


At the beginning of the trials, the Kera- 
tometer was calibrated using a 42.50-D 
steel ball. The eye piece was set by each 
investigator according to the manufac- 
turer’s instructions. The steel ball was 
mounted in a clamp and was aligned with 
the axis of the Keratometer by visual 
inspection. While one investigator viewed 
the balls and set the readings for the 0° 
and 90° meridians, the other recorded the 
dioptric powers. 


The internal aliznment of the 12-ring 
Corneascope was checked by the manufac- 
turer before shipping. We assume there 
was no change in alignment during ship- 
ping. Each steel ball was placed in a 
clamp and alignec with the axis of the 
Corneascope by vis2zal inspection. A photo- 
graph taken of the Placido mires for each 
steel ball was coded and sent to the Kera 
Corporation, where they were quantified in 
a masked fashion using the KeraScan, a 
proprietary method of analysis. A print- 
out was obtainec with eight dioptric 
power readings at 3°, 45°, 90°, 135°, 180°, 
225°, 270°, and 315° on each of the 12 
rings. 

The Corneal Modeling System was 
aligned and calib-ated by engineers of 
Computed Anatom? on site. Each steel ball 
was mounted in a casing that fit into the 
opening of the photokeratoscope housing 
so the axis of the steel ball was coaxial 
with the center o7 the photokeratoscope 
rings and so the scanning laser slits were 
focused on the anterior surface. A real- 
time video image of the 31 rings was 
obtained that was digitized and processed 
by the instrument asing a series of propri- 
etary artificial intelligence techniques 
(program version L2). 

The instrument obtained 256 readings 
around each ring aad averaged those read- 
ings. We used the average reading pre- 
sented for each ring. In addition, the radi- 
us of curvature anc power at any point on 
the surface could be measured by moving a 
cursor to that poirt. The instrument also 
produced a color-coded topographic map of 
the surface.’ 


Selection of Sarface Location for 
Measurement 


To compare the three instruments, 
determination of camparable locations on 
the ball surfaces was necessary. The Kera- 
tometer projected a single circular mire 
onto the surface, preducing a virtual image, 
the diameter of wich was dependent on 
the radius of curvature of the ball—ball 43 
D, 3.40 mm; 42 D, £15 mm; 50 D, 3.10 mm; 
and 38 D, 2.70 mn. The average of the 
dioptric powers ac 0° and 90° on the 
reflected mire on eseh steel ball was deter- 
mined. 
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To determine the Corneascope ring that 
most closely approximated the Keratome- 
ter’s reflected mire, the ratio of each Cor- 
neascope ring’s horizontal diameter to the 
horizontal measurement of the reflected 
ball surface was compared with the ratio of 
the Keratometer mire’s horizontal diame- 
ter (2.70 to 3.48 mm) to the horizontal 
measurement of the reflected ball surface. 
The Corneascope’s third ring best met this 
criterion, and the dioptric powers of two 
points at the 0° and 90° meridians on the 
ring were averaged. 

The moving cursor on the Corneal Mod- 
eling System was used to obtain dioptric 
values at 1.5 mm from the center of the 
steel ball (on approximately ring 8) in the 
0° and 90° meridians, which approximated 
the Keratometer locations. These values 
were averaged. 


Corneal Modeling System Measurements 
Across the Surface 


To determine the accuracy and precision 
of the Corneal Modeling System across the 
surface of each steel ball, the mean power 
around each ring for each of the first 26 
rings obtained on each examination by 
each investigator was recorded for each 
steel ball. Rings 27 to 31 were displayed but 
were not quantified by the computer pro- 
gram. The 26 mean values in each of three 
examinations were compared with the cal- 
ibrated value of that steel ball. For each 
ball, the 26 values obtained from each 
examination were also compared with each 
other. 


Statistical Analysis 


The purpose of this study was to deter- 
mine if the machines were able to obtain a 
curvature value close to the known curva- 
ture of the calibrated steel balls. We calcu- 
lated the deviation score as the difference 
between the measured and calibrated sur- 
face powers. 

The accuracy of different instruments 
and the effect of investigators and balls 
was assessed using mixed-model analysis 
of variance that compared the mean devia- 
tion scores. The precision of the instru- 
ment was assessed by performing the 
Hartley test’ for homogeneity of variance 
of the deviation scores. The level of signif- 
icance used in the statistical tests was 
.05. 

We also assessed the variability in the 
readings from rings 1 through 31 of the 
Corneal Modeling System. Rings 27 
through 31 were not quantified by the 
instrument and were therefore omitted. 
Values for ring 1 were consistently pre- 
sented but were extremely variable. The 
readings from rings 2 through 26 were 
more uniform and formed the basis for our 
analysis. 


RESULTS 

Accuracy 
Measurements obtained by the Ker- 
atometer and the Corneal Modeling 
System were more accurate than 
those obtained by the Corneascope 
(P < .01) (Table 1, Fig 2). Ninety-two 
percent of the Keratometer values, 


Corneal Modeling System 


Kera Corneascope 


Bausch & Lomb Keratometer 





Fig 1.—Drawings show area covered by mires of Keratometer, Corneascope, and Corneal 
Modeling System. Outer circle represents limbus of cornea. Keratometry mires measure only two 
points approximately 3 mm apart. Twelve-ring Corneascope mires cover approximately 70% of 


the surface, omitting central and peripheral zones. Corneal Modeling System covers approxi- 


mately 95% of surface. 


Table 1.—Accuracy of Three Instruments That Measure Corneal Curvature 


Deviation Score* 





instrumentt 


Keratometer —0.11 
Corneascope —0.28 
Corneal Modeling System 0.10 





SDt Range, Diopters 
0.09 —0.27-+0.09 
0.39 —0.90-+0.61 
0.07 0-+0.26 


* The deviation score was the difference between the measured and actual surface power of the four steel 


test balls. 


tThe Keratometer and Corneal Modeling System were more accurate and precise than the Corneascope 
(P < .01). There was no statistically significant difference in accuracy (P = .19) or precision (P > .05) between 


the Keratometer and the Corneal Modeling System. 


The mean value of the deviation score was computed from all measurements taken by two investigators on 


four steel balls. 


46% of the Corneascope values, and 
96% of the Corneal Modeling System 
values were within 0.25 D of the cali- 
brated value. The remaining 54% of 
the Corneascope values were 0.26 to 
0.90 D different from the calibrated 
value. 

Because of the difference between 
the Corneascope and the other two 
instruments, the Corneascope was not 
included in further analyses of the 
effect of examiner and ball size. As 
shown in Fig 2 and Table 2, the Kera- 
tometer generally read lower values 
and the Corneal Modeling System 
generally read higher values than the 
calibrated value. This difference 
occurred with both investigators and 
on all steel balls (Table 2) but was not 
found to be statistically significant 
(P = .19). 

One investigator (S.B.H.) consist- 
ently read lower values than the other 
investigator (M.C.G.) on all four steel 
balls (Table 3) (P < .001). The greatest 
difference between measurements by 
the two investigators was 0.11 D. We 
found no difference in the accuracy of 
measuring the differently sized balls 
(P > .05). 
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Precision 


Measurements obtained by the Ker- 
atometer and the Corneal Modeling 
System were more precise (reproduc- 
ible) than those obtained by the Cor- 
neascope (P< .01) (Table 1, Fig 2). 
The Keratometer and the Corneal 
Modeling System were found to have 
no significant difference in terms of 
precision (P > .05). 


Variability Among Rings of the 
Corneal Modeling System 


Figure 3 demonstrates the devia- 
tion scores obtained for each of three 
measurements made by two investiga- 
tors on rings 1 through 26 projected 
by the Corneal Modeling System on 
each steel ball. The deviation scores 
on ball 43 D were generally greater 
than the calibrated value of the ball 
(Fig 3, top left); those on ball 42 D 
were evenly scattered about a devia- 
tion score of 0 (Fig 3, top right); the 
deviation scores on balls 50 D (Fig 3, 
bottom left) and 38 D (Fig 3, bottom 
right) were generally greater than the 
calibrated values, with the deviation 
score progressively increasing toward 
the outer rings. 
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Table 4 demonstrates the frequency 
of occurrence of the deviation score 
within the +0.25-D range and the 
+0.37-D range, as well as the total 
range of deviation scores for rings 2 
through 26. The deviation scores for 
balls 43 D, 42 D, and 38 D were all 
within the +0.25-D range. The devia- 
tion scores for ball 50 D extended 
beyond that range, but all were within 
the +0.37-D range. With ring 1 
included in the analysis, only ball 43 D 
had 100% of the deviation scores 
within the +0.25-D range; balls 38 D, 
42 D, and 50 D had 1% to 4% of the 
deviation scores greater than the 
+0.37-D range. 

COMMENT 
Clinical Application 

The measurement of comparable 
points on four steel test balls of vary- 
ing dioptric power by two investiga- 
tors using the Keratometer (approxi- 
mately a 3-mm-diameter circle), the 
Corneascope (ring 3), and the Corneal 
Modeling System (approximately ring 
8) indicated that the readings by the 
Keratometer and the Corneal Model- 
ing System were more accurate and 
precise than those by the Cornea- 
scope. An accuracy and precision in 
measurement of +0.25 D is expected 
in the performance of these clinical 
instruments. Therefore, the Keratom- 
eter and Corneal Modeling System, 
with measurements within 0.27 D of 
the calibrated value, have an accuracy 
and precision within the clinically 
acceptable range. Fifty percent of the 
Corneascope measurements differed 
from the calibrated value by 0.27 D or 
more, with several deviation scores 
approaching 1 D. The lack of statisti- 
cally significant differences between 
the Keratometer and the Corneal 
Modeling System measurements re- 
flects the equal ability of the instru- 
ments to measure comparable points 
on a symmetrically spherical sur- 
face. 

Although a statistically significant 
investigator efect was detected, the 
maximum difference of 0.11 D was 
approximately half of the clinically 
acceptable errer in measurement, and 
thus it was not thought to be clinically 
meaningful. This effect may have 
been the result of a difference in 
refractive correction or accommoda- 
tion between the investigators. The 
Keratemeter measurements’ were 
generally lower than those of the Cor- 
neal Modeling System; this may have 
been the result of calibration differ- 
ences. These influences were neither 
statistically significant nor clinically 
meaningful. The lack of statistically 
significant differences in measure- 
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Fig 2.—Scattergram shows accuracy of readings of Keratometer, Corneascope, and Corneal 
Modeling System in form of deviation scores (difference between actual and measured values as 
indicated on the y-axis in diopters). Two examiners performed three readings on each of four 
steel balls (A, 43.00 D; B, 42.52 D; C, 50.14 D; and D, 38.66 D). Keratometer and Corneal 
Modeling System were more accurate than Corneascope. 


Table 2.—Mean Deviations From Actual Power of Steel Balls ; : 
Calculated for Each Instrument-Investigator Combination 


Investigator 


S.B.H. M.C.G. 


—0.15 


Instrument * 


Keratometer 
Corneal Modeling 


System +0.07 


Dioptric Power of 
Steel Ballit 


43.00 
=0:11 


42.52 
—0.07 


50.14 
=O. 17 


+0.06 +0.06 +0.18 





*There was no Statistically significant difference between instruments (P > .05). 
tThere were no statistically significant differences among balls (P > .05). 


Table 3.—Mean Deviations From Actual Power of Four Steel Test Balls 
Calculated for Two Investigators and Two Instruments 


Investigator * 


42.52 


Dioptric Power of Stee’ Ball 


50.14 





* There were Statistically significant differences between investigators for all balls (P < .001). 


ment among balls of varying dioptric 
powers (38.66 to 50.14 D) reflects the 
ability of the two instruments to mea- 
sure comparable points at a 3-mm- 
diameter circle accurately and pre- 
cisely on regular spherical surfaces in 
the range usually encountered clini- 
cally. 

Because the Corneal Modeling Sys- 
tem projects rings that cover the 
entire surface of cornea, we were espe- 
cially interested in evaluating the 
accuracy and precision of the mea- 
surements made by all of the rings, 1 
through 31. The instrument did not 
consistently measure rings 27 through 
31, so these were omitted. Measure- 


ments for ring 1 yielded large devia- 
tion scores. Therefore, we chose rings 
2 through 26 for detailed study. 

The measurement values were with- 
in a Clinically acceptable range of 
+0.25 D for balls 43 D, 42 D, and 38 D; 
those balls had dioptric powers that 
fell within the range of the central 
and peripheral normal cornea (38 to 
46 D).* Less accurate measurements 
were obtained for ball 50 D. There- 
fore, the Corneal Modeling System 
software should be adjusted to mea- 
sure more accurately corneas that are 
steeper than normal. Inaccuracies in 
the measurement of ring 1 were prob- 
ably the result of greater error in the 
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Fig 3.—Accuracy of rings 1 through 26 of Corneal Modeling System. Deviation score (difference between actual and 
measured values) is represented on x-axis. On y-axis are results of readings from 1 through 26 by two investigators, with 
three readings taken per ring. Except for ring 1, deviation scores for 43.00-diopter ball (top left) and 42.52-D ball (top right) 
were within +0.1 D. However, for 50.14-D ball (bottom left), readings were less accurate, particularly those from rings 13 
through 26. For 38.66-D ball (bottom right), readings were consistently read too steeply, but not by more than 0.2 D. 


Percent of deviation 
scores within 
+0.25 D 


+0.37 D 


Range of deviation 


scores, D —0.08-+0.06 


tinvestigator A, S.B.H.; investigator B, M.C.G. 


application of the proprietary correc- 
tive computer algorithms to that ring 
with a small diameter. Since ring 1 is 
often read inaccurately, it could be 
omitted from interpretation by the 
computer program without loss of 
clinical utility. The clustering of devi- 
ation score values on the positive side 
of zero for balls 43 D, 50 D, and 38 D 
suggests a systematic error in the 
interpretive computer programs that 
probably could be corrected. 


Methodologic Problems 


Centering.— Performing correct ker- 
atometry measurements was hindered 


—0.10-+0.09 


—0.05-+0.09 —0.06-+0.16 





*The deviation score was the difference between the measured and actual surface power. 


by difficulty in centering the steel ball 
in front of the instruments; eccentric 
placement produced an elliptical 
image rather than a circular one. A 
similar problem was encountered 
using the Corneascope. To minimize 
this error, the steel ball was moved 
horizontally and vertically until the 
images formed on a surface were cir- 
cular by visual inspection. In contrast, 
positioning difficulties were not 
encountered using the Corneal Model- 
ing System because the steel ball was 
mounted in a casing that fit snugly 
into the opening of the cylindrical 
photokeratoscope. 
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+0.02-+0.37 





+0.04-+0.37 —0.01-+0.16 —0.17-+0.15 


Surface Reflections.— Irregularities 
on the surface of the ball, specular 
reflection from the surface, and insuf- 
ficient contrast all reduced the quality 
of some photographs read by the 
KeraScan. In fact, the Kera Corp pro- 
vides black plastic spherical test sur- 
faces to calibrate the instrument. 
These variables caused some photo- 
graph rings to have blurred margins, 
resulting in inaccurate measurement. 
Although irregularities in the ball 
surface and insufficient contrast may 
have resulted in similar erroneous 
readings by the Corneal Modeling 
System, this was not apparent by 
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inspection of the video images. Specu- 
lar reflection was controlled using a 
light-dimming option available on the 
Corneal Modeling System. 

Focusing.— We believe that focusing 
techniques played a significant role in 
the accuracy and precision differences 
among the instruments. The Kera- 
tometer’s projected mire was brought 
into sharp focus by superimposing 
two closely overlapping mire images, 
a technique based on the Scheiner 
principle,» which minimized subjec- 
tive assessment of focus. Focusing dif- 
ficulty was inherent with the Corne- 
ascope, where the investigator at- 
tempted to obtain a clear image of the 
third ring by visual inspection. The 
Corneal Modeling System’s photoker- 
atoscope is focused on the anterior 
surface by superimposing two helium 
neon laser slit images, a subjective 
task during examination of human 
eyes that was obviated in this study 
because the spherical balls were 
placed in a casing that fit into the 
opening of the Corneal Modeling Sys- 
tem photokeratoscope so that the 
laser slit images were superimposed 
automatically. 


Surface Area Measured by Instruments 


The area of the corneal surface 
measured by the three instruments 
differed markedly (Fig 1). 

The Keratometer projected a mire 
onte the corneal surface and images 
only two points on the ring, approxi- 
mately 3 mm apart. Thus, the Kera- 
tometer does not directly measure any 
identifiable surface area on the cor- 
nea but derives its values from calcu- 
lations based on the size of the single 
reflective image. This is adequate for 
the measurement of the surface of a 
spherical steel ball, but on an asym- 
metrical aspheric surface, such as the 
human cornea (particularly after 
refractive surgery), the keratometer 
gives no useful topographic informa- 
tion, although it can estimate the 
overall central corneal curvature. 
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Both the Corneascope and the Cor- 
neal Modeling System project Placido 
rings onto the surface of the cornea, 
the 12-ring Corneascope covering 
approximately 70% of the available 
surface and the Corneal Modeling 
System approximately 95% of the 
available surface. The Corneascope 
does not directly measure the apex or 
periphery of the cornea,“ whereas 
the Corneal Modeling System covers 
essentially the entire cornea. Each 
instrument measures only that part of 
the corneal surface directly beneath 
the projected rings, and the greater 
the number of rings and the closer 
they are together, the greater the 
ability to detect surface perturbations 
in the corneal topography. A reflected 
ring image, however, is not enough— 
it must be read accurately and pre- 
cisely. We did not perform a ring- 
to-ring analysis of the 12 rings on the 
Corneascope, but we observed fre- 
quently that the outer three or four 
rings were distorted and difficult to 
read, so that the surface area that 
could be quantified was probably clos- 
er to 40% of the cornea. With the 
Corneal Modeling System, the first 
ring in rings 27 through 31 was read 
inaccurately or not at all, so that the 
readable rings on the steel balls cov- 
ered approximately 70% of the sur- 
face. 

Currently, the formulas and algo- 
rithms used by each instrument to 
compute the radius of curvature of the 
corneal surface assume that the cor- 
nea is spherical. In fact, the cornea is 
asymmetrically aspherical. Thus, the 
findings from the experiments re- 
ported herein on steel balls may not 
be applicable to the human cornea. A 
comparison of the three instruments 
on normal human corneas has been 
reported elsewhere." 

We conclude that the Corneal Mod- 
eling System presents the most accu- 
rate and precise measurements of the 
surface of steel test balls. As the 
computer programs improve, the 
accuracy and the precision of the 


instrument can be expected to im- 
prove. 
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Introducing 
PROFENAL® 
(Suprofen)1% Sterile 


Ophthalmic Solution 


New NSAID from Alcon 
Surgical —right on target in 
helping sustain pupillary 


dilatation during cataract surgery. 


As challenging as cataract 
surgery Can sometimes be, why 
risk less-than-optimal intraoperative 
mydriasis? Let the pupillary 
stabilizing effect of PROFENAL 
assist you in reducing the 
incidence of creeping miosis in 
your surgery. PROFENAL solution 
is a Sure way to better your 
chances for being on target with 
a large pupillary bull’s eye case 
after case. 


What it is. 

PROFENAL sterile ophthalmic 
solution from Alcon Surgical 
is a new, nonsteroidal anti- 
inflammatory drug, suprofen 1%, 
for short-term ophthalmic use. 
In double-masked, multicenter 
clinical studies involving over 400 
Cataract extractions, PROFENAL 
solution proved to be significantly 





Surgery, are believed 
to exert powerful 
constricting action on the 
iris sphincter causing 
progressive miosis. PROFENAL 
solution maintains intraoperative 
mydriasis by inhibiting the amount 
of prostaglandins liberated into the 
aqueous humor. 


How it benefits you. 

When used in conjunction with 
epinephrine-treated eyes during 
cataract surgery, topically applied 
PROFENAL ophthalmic solution 
enables you to: 

Maintain a broad-view perspective 
of the posterior chamber 
throughout the procedure, thus 
enhancing direct visualization of 
anterior capsular flaps, I&A and/or 
ultrasound instrumentation tips 
and lens haptics. 

Maintain a consistently large pupil 
for safer, easier, nucleus removal 
and cortical cleanup. 

Facilitate insertion, positioning 


i /or diali ior 
Pupil treated with PROFENAL, right, is wider ribet a Ba ROSEENIO 
and easier to work through than placebo- AS i 
treated pupil, left. Treated pupil allows for * Minimize risk of complications due 
easier removal of residual cortical material, to surgical-induced trauma. 
easier IOL insertion or positioning, and less The potential exists for cross 


likelihood of iris injury or other ocular ad y ts : 
trauma. sensitivity to acetylsalicylic acid 


more effective than placebo in 
inhibiting intraoperative miosis. 
Thus, it is an excellent adjunct for 
surgeons who desire to minimize 
the dangers and frustrations of 
pupillary constriction during 
cataract surgery. 
How it works. 

Prostaglandins, which are 
released during intraocular 


















and other nonster- 
oidal anti -inflammatory 
drugs. Therefore, caution 
should be used when treating 
individuals who have previously 
exhibited sensitivities to these 
drugs. 

Withwnonsteroidal anti- 
inflammatory drugs, the potential 
exists “or increased bleeding 
time due to interference with 
thrombtocyte aggregation. There 
have been reports that ocularly 
appliec nonsteroidal anti- 
inflammatory drugs may cause 
increased bleeding tendency of 
ocular “issues in conjunction 
with ocular surgery. 

As with all other NSAID drugs, 
PROFENAL solution should be 
used with caution in patients with 
bleeding tendencies and those 
taking anticoagulants. 

PROFENAL ophthalmic solution 
allows you to center target your 
surgery with an optimal pupillary 
opening —an opening that provides 
both werking ease and peace 
of minc. 

Doesnt it make good sense to 
add the target-hitting advantages 
of PRO-ENAL to your surgery? 


: ? O 
see your Alcon Surgical os S 
representative, call us, or oe 
send in the coupon. OS 
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PROFENAL solution is available in a 2.5mL 
size. It comes packaged in a convenient 
plastic DROP-TAINER® dispenser for easy 
topical administration. 
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Alcon 
SURGICAL 


A Division of Alcon Laboratories, Inc. 
6201 S. Freeway 
Fort Worth, TX 76134-2099 
817/293-0450 
TO ORDER: 
1-800-TO-ALCON 
(1-800-862-5266) 
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Profenal® 1% 
Supron) ! : 
terile Ophthalmic Solution 
DESCRIPTION: PROFENAL® (suprofen) 1% ophthalmic solution is a topical non- 


steroidal anti-inflammatory product for ophthalmic use. Suprofen chemically is 
a -methyl-4-(2-thienylcarbonyl) benzeneacetic acid, with an empirical formula of 


Cy4H 1203S; and a molecular weight of 260.3. The chemical structure of suprofen is: 


LOS 
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PROFENAL Sterile Ophthalmic Solution contains suprofen 1.0% (10 mg/mL), thi- 
merosal 0.005% (0.05 mg/mL), caffeine 2% (20 mg/mL), edetate disodium, dibasic 
sodium phosphate, monobasic sodium phosphate, sodium chloride, sodium 
hydroxide and/or hydrochloric acid (to adjust pH to 7.4) and purified water. DM-00 
CLINICAL PHARMACOLOGY: Suprofen is one of a series of phenylalkanoic acids 
that have shown analgesic, antipyretic, and anti-inflammatory activity in animal 
inflammatory diseases. Its mechanism of action is believed to be through inhibi- 
tion of the cyclo-oxygenase enzyme that is essential in the biosynthesis of 

ostaglandins. 

ostaglandins have been shown in many animal models to be mediators of cer- 
tain kinds of intraocular inflammation. In studies performed on animal eyes, pros- 
taglandins have been shown to produce disruption of the blood-aqueous humor 
barrier, vasodilatation, increased vascular permeability, leukocytosis, and 
increased intraocular pressure. Prostaglandins appear to play a role in the miotic 
response produced during ocular surgery by constricting the iris sphincter inde- 
pendently of cholinergic mechanisms. In clinical studies, PROFENAL has been 
shown to inhibit the miosis induced during the course of cataract surgery. PRO- 
FENAL could possibly interfere with the miotic effect of intraoperatively adminis- 
tered acetylcholine chloride. 
Results from clinical studies indicate that PROFENAL Ophthalmic Solution has no 
significant effect on intraocular pressure. 
There are no data available on the systemic absorption of ocularly Som supro- 
fen. The oral dose of suprofen is 200 mg every four to six hours. If PROFENAL 1% 
Ophthalmic Solution is applied as two drops (1 mg suprofen) to one eye five times 
on the day prior to surgery and three times on the day of surgery, the total applied 
gree over the two days would be about 25 times less than a single 200 mg 
oral dose. 
INDICATIONS AND USAGE: PROFENAL Ophthalmic Solution is indicated for inhi- 
bition of intraoperative miosis. 
CONTRAINDI : PROFENAL is contraindicated in epithelial herpes sim- 
plex keratitis (dendritic keratitis) and in individuals hypersensitive to any compo- 
nent of the medication. 
WARNINGS: The potential exists for cross sensitivity to acetyisalicylic acid and 
other nonsteroidal anti-inflammatory drugs. Therefore, caution should be used 
when treating individuals who have previously exhibited sensitivities to these 


drugs. 

With nonsteroidal anti-inflammatory drugs, the potential exists for increased 
bleeding time due to interference with thrombocyte aggregation. There have been 
reports that ocularly applied nonsteroidal anti-inflammatory drugs may cause 
increased bleeding tendency of ocular tissues in conjunction with ocular surgery. 


General. Use of oral suprofen has been associated with a syndrome of acute flank 
pain and generally reversible renal insufficiency, which may present as acute uric 
acid nephropathy. This syndrome occurs in approximately 1 in 3500 patients and 
has been r ed with as few as one to two doses of a 200 mg capsule. If PRO- 
FENAL 1% Ophthalmic Solution is applied as two drops (1 mg suprofen) to one eye 
five times on the day prior to surgery and three times on the day of surgery, the 
total applied dose over the two days would be about 25 times less than a single 
200 mg oral dose. 

Ocular. Patients with histories of herpes simplex keratitis should be monitored 
a PROFENAL is contraindicated in patients with active herpes simplex 

eratitis. 

The possibility of increased ocular bleeding during surgery associated with 
nonsteroidal anti-inflammatory drugs should be considered. 

s, | of Fertility. In an 18-month study in 
mice, an increased incidence of benign hepatomas occurred in females at a dose 
of 40 mg/kg/day. Male mice, treated at doses of 2, 5, 10 and 40 mg/kg/day, also 
had an increased incidence of hepatomas when compared to control animals. No 
evidence of carcinogenicity was found in long-term studies in doses as high as 40 
mg/kg/day in the rat and mouse. Based on a battery of mutagenicity tests (Ames, 
raerortanious: and dominant lethal), suprofen does not appear to have mutagenic 
potential. Reproductive studies in rats at a dose of up to 40 mg/kg/day revealed no 
impairment of fertility and only slight reductions of fertility at doses of 80 mg/kg/ 
day. However, testicular atrophy/hypoplasia was observed in a six-month dog 
study (at 80 mg/kg/day) and a 12-month rat study (at 40 mg/kg/day). 

Reproductive studies have been performed in rabbits at 
doses up to 200 g/day and in rats at doses up to 80 mg/kg/day. In rats, doses 
of 40 mg/kg/day and above, and in rabbits, doses of 80 mg/kg/day and above, 
resulted in an increased incidence of fetal resorption associated with maternal 
toxicity. There was an increase in stillbirths and a decrease in postnatal survival in 
pregnant rats treated with suprofen at 2.5 mg/kg/day and above. An increased 
incidence of delayed parturition occurred in rats. As there are no adequate and 
well-controlled studies in pregnant women, this drug should be used during preg- 
nancy only if the potential benefit justifies the potential risk to the fetus. Because 
of the known effect of nonsteroidal anti-inflammatory drugs on the fetal cardio- 
vascular system (closure of ductus arteriosus), use during late pregnancy should 
be avoided. 

Mothers. Suprofen is excreted in human milk after a single oral dose. 
Based on measurements of plasma and milk levels in women taking oral suprofen, 
the milk concentration is about 1% of the plasma level. Because systemic absorp- 
tion may occur from topical ocular administration, a decision should be considered 
to discontinue nursing while receiving PROFENAL ® since the safety of suprofen in 
human neonates has not been established. 
Pediatric Use. a and effectiveness in children have not been established. 
Drug Interactions. Clinical studies with acetylcholine chloride revealed no inter- 
ference, and there is no known pharmacological basis for such an interaction. 
However, with other topical nonsteroidal anti-inflammatory products, there have 
been reports that acetylcholine chloride and carbachol have been ineffective when 
used in patients treated with these agents. 
Interaction of PROFENAL with other topical ophthalmic medications has not been 


fully investigated. 
ADVERSE REACTIONS: Ocular — The most frequent adverse reactions reported 


are burning and stinging of short duration. Instances of discomfort, itching and 
redness have been reported. Other reactions occurring in less than 0.5% of 
patients include allergy, iritis, pain, chemosis, photophobia, irritation, and punctate 
epithelial staining. 

—Systemic reactions related to therapy were not reported in the clinical 
studies. It is known that some systemic absorption does occur with ocularly 
applied drugs, and that nonsteroidal anti-inflammatory drugs have been shown to 
increase Spree tpa interference with thrombocyte aggregation. It is rec- 
ommended that PROFE be used with caution in patients with bleeding tenden- 
cies and those taking anticoagulants. 

OVERDOSAGE: Overdosage will not ordinarily cause acute problems. If accidently 
i ted, drink fluids to dilute. 

E AND ADMINISTRATION: On the day of surgery, instill two drops into the 
conjunctival sac at three, two and one hour prior to surgery. Two drops may be 
instilled into the conjunctival sac every four hours, while awake, the day preceding 


surgery. 
HOW SUPPLIED: Sterile ophthalmic solution, 2.5 mL in plastic DROP-TAINER® 
dispensers. 

2.5 mL NDC 0065-0348-25 


STORAGE: Store at room temperature. 
U.S. Patent Nos. 4,035,376; 4,559,343 
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providing both magnification and a large field of view! 


The new Volk Pan Retinal Lens 2.2 revolutionizes 
nocular indirect ophthalmoscopy by combining de- 
able features of both the 20 Diopter and 30 Diopter 
anses into one single lens. 


With Volk’s new patented design that stabilizes 
inal image size over the entire visual field, the an- 

ar extent of the field produced by this lens is in- 
eased to 56°, along with magnification comparable 
that of the 20 Diopter lens. 


xclusive 


With both good magnification and an extremely large 
field of view, the Volk Pan Retinal Lens 2.2 is suitable 
for practically every examination procedure, including 
small pupil indirect ophthalmosccpy and can be used 
with all indirect ophthalmoscopes. 


The 52mm Volk Pan Retinal Lens 2.2 is available in 
both Clear and Volk Yellow Retina Protector glass, and 
features the highest efficiency and most durable broad 
band, multi-layer, Anti-Reflection coating available. 


PEPIS VOLK. OPTICAL / 7893 ENTERPRISE DRIVE, MENTOR, OHIO 44030 / (216) 942-6161 
MADE IN THE UNITED STATES OF AMERICA 


Photo Essay 
Edited by Malcolm N. Luxenberg, MD 





Primary Malignant Melanoma 
of the Lacrimal Sac 





Fig 1.—Swelling in the region of the left lacrimal sac has displaced the 
medial canthus of the left eye upward and temporally. 


Fig 3.—Silver stains accentuate the presence of melanin in neoplastic 
cells and macrophages (Fontana stain, original magnification X 125). 
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Fig 2.—The predominantly melanotic tumor in the small area near the 
ulcerated surface, where some pigmentation was present, shows 
predominantly atypical spindle cells and rare epithelioid cells (arrow) 
(hematoxylin-eosin, original magnification X200). Inset, Some tumor 
cells displayed vacuolated cytoplasm (original magnification X200). 


Fig 4.—Tumor cells in an area that was devoid of melanin show 
immunoreactivity with antibody against S-100 protein (immunoperoxi- 
dase, original magnification X500). 
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56-year-old white woman presented 

with a l-year history of painless 

swelling in the left medial canthal area, 

with associated epiphora. The results of 

the ocular examination were normal 

except for a firm, nonpigmented, nonten- 

der mass in the left medial canthus (Fig 1). 

The lacrimal excretory system evaluation 

revealed a total blockage at the common 

canaliculus, and subsequent dacryocysto- 

rhinostomy exposed a gray, friable mass 

limited to the lacrimal sac and bony naso- 

lacrimal duct. The mass was excised, as 

A well as the bone of the lacrimal fossa and 

the anterior portion of the ethmoid 
sinuses. 

The microseopic examination revealed 
malignant spindle-cell proliferation with 
hyperchromatic nuclei, prominent nucleoli, 
abundant cytoplasm, and prominent pig- 
ment aggregates with scattered areas of 
hemorrhage and focal lymphocytic infil- 
trates (Fig 2). Some tumor cells displayed 
vacuolated cytoplasm (Fig 2, inset). Malig- 
nant melanoma, spindle-cell carcinoma, 
and fibrous histiocytoma were considered 
in the differential diagnosis. However, the 
Fontana stain was positive for melanin 
(Fig 3). Stains for iron and keratin were 
negative. Stains for S-100 protein were 
positive (Fig 4). The final diagnosis was 
primary malignant melanoma of the lacri- 
mal sac, mixed-cell type. 

Eight weeks after the original surgery, 
the patient underwent a dacryocystectomy 
with excision of the bony nasolacrimal 
duct and surrounding bone. The results of 
a systemic workup for metastatic disease 
were normal. 


COMMENT 


Primary malignant melanomas of 
the lacrimal sac are rare, with only 14 
documented eases, to our knowledge.'” 
Common presenting signs have in- 
cluded epiphora (9 cases), bloody dis- 
charge or reflux on irrigation (6 
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cases), and a medial canthal mass (6 
cases). The average age at diagnosis is 
late in the sixth decade, with a range 
of 38 to 79 years. There is no signifi- 
cant sex predilection. 

With routine histologic stains, pri- 
mary malignant melanoma of the lac- 
rimal sac can be mistaken for a poorly 
differentiated carcinoma.' Carcino- 
mas show immunoreactivity with 
antikeratin antibodies. Pigmented 
aggregates, sometimes confused with 
hemosiderin, can be confirmed as mel- 
anin with the Fontana stain. Immuno- 
histochemical staining for S-100 pro- 
tein is positive in malignant melano- 
ma. 

The paucity of reported cases and 
follow-up studies of primary lacrimal 
sac melanoma precludes any clear 
consensus regarding treatment and 
prognosis. Most agree that excision of 
the tumor and surrounding tissue is 
necessary, and Lloyd and Leone! have 
proposed postoperative irradiation 
and systemic chemotherapy in all 
cases. Despite these aggressive treat- 
ments, most tumors recur, and metas- 
tases have been reported.’ 

DEAN GLAROS, MD 

JAMES W. KARESH, MD 
MERLYN M. RopriIGuEs, MD 
DAHLIA R. HIRSCH, MD 
Baltimore, Md 


LORENZ E. ZIMMERMAN, MD 
Washington, DC 
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Surgical Techniques 


Use of Sodium Hyaluronate for the Repair 


of Giant Retinal Tears 


Gary C. Brown, MD, William E. Benson, MD 


@ Sodium hyaluronate (Healon) was 
used in conjunction with pars plana vitrec- 
tomy and scleral buckling to manage uni- 
lateral giant retinal tears of 180° or more 
with severe folding in six consecutive 
cases. In each instance the retina was 
successfully flattened, and five of the six 
have remained so for at least one year. 
The technique enables the surgeon to 
unroll a retinal flap that is markedly 
inverted on itself and oppose it to the 
underlying retinal pigment epithelium. 

(Arch Ophthalmol  1989;107:1246- 
1249) 


M'he management of giant retinal 

tears is one of the more difficult 
problems confronting the vitreoreti- 
nal surgeon. This is particularly so for 
those cases in which the break 
extends for 180° or more and is folded 
over on itself. Before the advent of 
vitrectomy, employing varied scleral 
buckling techniques as well as intra- 
vitreal air injections, the rate of suc- 
cessful reattachment for giant tears 
of 180° or more ranged from 11% to 
25%. Approximately 50% of the fail- 
ures in these instances resulted from 
an inability to unfold the retina. 
With pars plana vitrectomy, in combi- 
nation with intraocular gas and a 
rotating operating table, Machemer 
and Allen‘ were able to reattach 12 of 
14 retinas with tears of 180° or more. 
More recently, Vidaurri-Leal and 
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associates’ successfully repaired nine 
of ten retinas with giant retinal tears 
and inverted posterior retinal flaps 
using vitrectomy, intraocular gas 
injection, and other techniques, such 
as temporary retinal incarceration 
and transvitreal retinal suturing. 

Despite the excellent success rates 
in recent series, certain giant retinal 
tears remain difficult to unfold and 
reattach. For this reason, we describe 
the use of sodium hyaluronate (Hea- 
lon) in the cases of six consecutive 
persons with giant retinal tears of 
180° or more and a severely folded 
retinal flap. We believe that the tech- 
nique may prove helpful in the treat- 
ment of select, recalcitrant giant 
breaks. 


PATIENTS AND METHODS 
Patients 


Each of the patients had a fresh unilat- 
eral giant retinal tear of 180° or more with 
a markedly inverted flap (Table). The size 
of the tears ranged from 180° to 330°, with 
a mean of approximately 220°. When the 
initial surgery using sodium hyaluronate 
was performed, no fixed retinal folds were 
present in any of the eyes; preretinal 
bands, subretinal bands, or both were not 
observed. The preoperative visual acuities 
in the affected eyes were 20/60 in one 
patient, 20/70 in a second patient, and 
hand motions in the remainder of the 
patients. Three patients were surgically 
aphakic due to previous trauma, and two 
patients had lattice degeneration as a pre- 
disposing factor for the development of the 
tears. All six persons were male, aged from 
11 to 50 years, with a mean age of 36 years. 
Each patient was followed up for at least 
one year; the mean follow-up time was 28 
months. 
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Surgical Technique 


Each eye underwent a _ three-incision 
pars plana vitrectomy with the patient in 
the supine position. Concurrently, the lens 
was removed via the pars plana using an 
ultrasonic fragmentation unit in two of the 
three phakic eyes. The reasons for lensec- 
tomy included subluxation of the lens in 
one case and the presence of a cataract in 
the second patient. In all instances, an 
attempt was made to unfold the flapped- 
over retina with the vitrectomy instru- 
ments and an air-fiuid exchange; the 
exchange was performed with the patient 
in the prone position in three patients and 
in the supine position in the remaining 
three patients. However, in each case the 
retina returned to its initial folded-over 
position once the instruments were 
removed from the eye, before the vitreous 
cavity was filled with air. Additionally, in 
two eyes the retina was unfolded under 
fluid a second time with the vitrectomy 
instruments, and silicone oil was injected 
into the vitreous cavity. Again, the flap 
returned to its inverted position in both 
eyes before the globe could be filled with 
the tamponading agent. At this time, the 
retina was repeatedly unfolded in all six 
eyes with the illumination pipe and a blunt 
20-gauge extrusion needle, followed by a 
3-mL injection of sodium hyaluronate 
through the 20-gauge needle into the vitre- 
ous cavity immediately overlying the optic 
disc. In each eye the sodium hyaluronate 
restored the retina to its normal anatomi- 
cal position so that confluent external 
cryopexy could be administered to the 
anterior aspect of the giant break. A 9-mm 
solid silicone explant was next placed in 
position around each globe for 360°. The 
globe was again entered with the 20-gauge 
extrusion needle, whereupon the sodium 
hyaluronate and pigment epithelial cells 
liberated by the external cryopexy were 
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Case No./ 












Age, Extent Predisposing 
y/Sex _of Wear Factors 
1/17/M 319°  Aphakia for 

traumatic cataract 
2/50/M 180° Lattice degeneration 
ai 59 iM 1957 None 
4/42/M Trauma and aphakia 
SY11/M 330° Stickler's syndrome 


and lattice 
degeneration 












Trauma and aphakia 


; g “HM indicatesdhancd motions; IOP, intraocular pressure; NLP, no light perception; and PVR, proliferative vitreoretinopathy. 


removed via lavage with the vitrectomy 
iga ion BOR At this pont the reti- 


ee eee extrusion neste to keep the reti- 
na unfolded and in position against the 





2 tonk for periods s that varied from 36 hours 
to tour days, although in one patient this 
: ifor nine days. The posterior 
segment was examined daily until the reti- 
na started to retract from the buckle. At 
‘this point, a total gas~sodium hyaluronate 
vexchange was performed with two 25- 
‘gauge needles using retrobulbar anesthe- 
Siawith the patient in a prone position. A 
gas mixture of 80% air and 20% sulfur 
hexafluoride was injected under sterile 
-conditions in the operating room. In the 
five aphakie persons, the needles were 
| ‘placed in the anterior chamber 180° apart 
«atthe limbus, whereas in the single phakic 
| -the vitrecus cavity was entered from 
pposite directions through the pars plana. 
‘The gas mixture was slowly injected from 
-a 2@-mL syringe through one needle, while 
oo the sodium tvaluronate was allowed to 
: drain through the second needle until the 
a exchange was complete. 
> Tn each instance the sodium hyaluronate 
eailily exited Trom the eye, appearing less 
_. Viseous than wher it was injected during 
vitrectomy. Each patient was then in- 
stracted to assume a face-down position 
_for two to three days. A case report follows 
to ilustrate the salient features of the 
technique. 
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FORT OF A CASE 


'-year-e.d boy experienced a corneal 
ion and the development of a cata- 
lowing trauma to the right eye with 
fishing line weight. He subsequently 


Arch Ophthaimol—Yol 107, August 1989 





Most Recent 



















Preoperative Visual Acuity / 
Visual Status Length of Subsequent 
Acuity of Retina Foliow-up, mo Complications Operations Other 
HM 20/ 25/ flat 36 None None 
20/70 20/50/ fiat 30 None None 7 Lensectomy and 
initial failure 
with silicone 
oil 
20/60 Counting 27 Macular pucker Cataract removal 
fingers / flat 18 mo after giari 
tear 
20/ 200/ flat None Amblyopia 
HM 20/200/fiat 30 Macular pucker Membrane stripping Lensectomy and 
and silicone oil initial failure 
injection 1 mo with silicone 
after repair of oil 


NLP / detached 


(54 mm Hg) gas-fluid for 1 mo after 
acutely from exchange at 6 giant tear 
sodium wk and 3 mc repair 
hyaluronate; after giar: tear 

PVR repair 


underwent repair of a superotemporal cor- 
neal laceration in combination with a len- 
sectomy and anterior vitrectomy. Within 
eight weeks after the surgery, the cor- 
rected visual acuity had improved to 20/25 
OD in the injured eye. 

At 16 weeks after surgery, the patient 
returned with a complaint of decreasing 
visual acuity in the right eye over the 
previous two weeks. Ocular examination 
then revealed a visual acuity of hand 
motions in the right eye and 20/20 OS. The 
intraocular pressures were 12 mm Hg OD 
and 8 mm Hg OS. The repaired corneal 
laceration in the right eye was intact, and 
numerous small particles of pigment could 
be seen in the vitreous cavity with slit- 
lamp biomicroscopy. The anterior segment 
examination in the left eye was normal. 
Fundus examination of the right eye 
revealed a 330° giant retinal tear extend- 
ing from the 8-o’clock position clockwise to 
the 7-o’clock position. A superior retinal 
flap was folded inferiorly so that the inter- 
nal limiting membrane of the superior 
retina was juxtaposed to that of the inferi- 
or retina. 

Under local anesthesia, a three-incision 
pars plana vitrectomy was performed, and 
all visible traction from the detached reti- 
na to the vitreous base was removed. 
Repeated attempts were made to unfold 
the flapped-over retina with the vitrecto- 
my instruments, followed by an intraocu- 
lar air injection with the patient in a prone 
position. Nevertheless, the efforts failed 
because the retina consistently returned to 
its original folded-over position once the 
vitrectomy instruments were removed 
from the eye. The patient was then placed 
in a supine position and the retina was 
unfolded with a blunt-tip 20-gauge extru- 
sion needle, following which an injection of 
3 mL of sodium hyaluronate was placed 
into the vitreous cavity just anterior to the 
retina in the region of the optic disc. 





Increased IOP 










giant tear 
Vitrectomy plus 









Remained flat 




















The retina flattened to the point that. 
external cryopexy could be applied. to the 
unfolded edge of the giant tear along its 
total extent. A 9-mm-wide encircling sili-~ 
cone explant was next placed around the- 
globe for 360°. After placement of the _ 
buckle, the 20-gauge extrusion needle was o 
again inserted through a superior scleroto- 
my to remove the sedium hyaluronate and = 
retinal pigment epithelial cells liberated ~ 
by the cryopexy. The eye was lavaged with 
approximately 30 mL of vitrectomy irriga- .~- 
tion solution. Three milliliters of fresh. 
sodium hyaluronate was next inserted into 
the vitreous cavity, pushing the retina into 
close proximity to the underlying layers 
indented by the silicone explant. The 
patient was instructed to remain supine at 
bed rest, and one day after the surgery the 
retina was flat against the buckle. The 
intraocular pressure remained normal, but 
over the next three to four days the retina 
began to retract frem the superior buckle. 
At four days after the surgery, the patient 
was again brought to the operating room 
and given retrobulbar anesthesia. In the 
prone position, with his face extended over 
the end of the table, the anterior chamber | 
was entered at the hmbus with a 25-gauge 
needle at the 3-o’clock position, while a | 
similar needle was placed in the anterior ` 
chamber at the 9-o clock position. A mix- 
ture of 80% air and 20% sulfur hexafluo- ~ 
ride gas was injected into the anterior 
chamber through one needle, while the - 
sodium hyaluronate was drained through - 
the second needle until a total gas-sodium | 
hyaluronate exchange was achieved and 
the globe was completely filled with gas. 
After surgery, the patient was instructed 
to remain in the face-down position for 
three days. 

By one month after the gas-sodium 
hyaluronate exchange, the visual acuity 
had improved to 20/70 OD, and at one year 
after the surgery, it was 20/25 OD. The 








1247 


Retina! Tears— Brown & Benson 





retina has remained flat for over three 
years. 


RESULTS 


In each of the six cases the retina 
was successfully flattened using the 
described technique. With a mean fol- 
low-up of 28 months, it has remained 
attached in five of six eyes (Table). In 
the sixth eye (case 6), a recurrent 
retinal detachment with proliferative 
vitreoretinopathy developed nine 
months after surgery for the giant 
tear; it could not be repaired surgical- 
ly. The formation of preretinal scar 
tissue after repair of the giant tear 
occurred in three eyes (cases 3, 5, and 
6; Table). 

The only notable perioperative com- 
plication was a marked increase in the 
postoperative intraocular pressure in 
one eye (case 6), presumably due to 
the sodium hyaluronate. The pressure 
rose above 50 mm Hg despite the 
administration of topical and oral 
ocular hypotensive agents. 

Subsequent ocular surgery was 
undertaken in three eyes at some 
point after the gas-sodium hyaluron- 
ate exchange. One patient (case 3) 
required a cataract extraction 18 
months after surgery for the giant 
retinal tear, and a second patient 
(case 5) underwent another vitrecto- 
my with silicone oil injection for 
developing proliferative vitreoreti- 
nopathy at one month after the giant 
tear repair. In case 6, two subsequent 
pars plana vitrectomies with gas-fluid 
exchange were performed for a rede- 
tachment of the retina with prolifera- 
tive vitreoretinopathy at six weeks 
and nine months after repair of the 
: giant retinal tear. The retina was 
= flattened after the second vitrectomy 
_ but remained detached following the 
third. 





COMMENT 


=> Various surgical procedures have 
== been advocated for the treatment of 
giant retinal tears. Therapeutic 
modalities encompass conventional 
techniques, such as scleral buckling 
and vitrectomy,‘ as well as the use of 
intraocular air, expanding gases,*° 
_ silicone oil, low-viscosity liquid fluo- 
rochemicals,’ transvitreal retinal su- 
_ turing, transscleral retinal sutur- 
_ ing,” retinal incarceration," and reti- 
nal tacks.” 

_ The results from some of the more 
‘recent series of surgical repair for 
giant retinal tears are impressive. 
- Vidaurri-Leal and colleagues’ were 
able to flatten nine (90%) of 10 eyes 
with giant tears of 180° or more with 
inverted retinal flaps using primarily 













scleral buckling, vitrectomy, and 
intravitreal gas. Glaser? described a 
technique of fluid-gas exchange, fol- 
lowed by silicone oil injection, with 
which he was able to initially reattach 
18 (95% ) of 19 eyes with giant retinal 
tears and grade D, to D, proliferative 
vitreoretinopathy." In a large series 
of 65 eyes with giant retinal tears that 
underwent vitrectomy and fluid-sili- 
cone oil exchange, Billington and 
Leaver’ found that the retina 
remained flat in 54 eyes (83%) at 18 
months after surgery. 

Despite the encouraging results by 
excellent surgeons, there are giant 
retinal tears that occasionally remain 
refractory to repair. We believe that 
included among these are eyes in 
which the retina is torn for 180° or 
more and is severely folded on itself, 
such as with the cases reported here- 
in. In such instances, the retina has a 
tendency to return to its folded posi- 
tion after it has been unfolded with 
vitrectomy instruments, before the 
eye can be fully filled with gas or 
silicone oil. In each of our cases an 
unsuccessful attempt was first made 
to unfold the retina and flatten it with 
manual manipulation using the 
vitrectomy instruments and an air- 
fluid exchange. Furthermore, an 
injection of silicone oil into the vitre- 
ous cavity in two eyes also failed to 
produce retinal flattening, again 
because the retina returned to a 
flapped-over position before the tam- 
ponading agent could fully fill the 
vitreous cavity. 

Severe folding of the retina is anal- 
ogous to the folding of paper in a book 
for a prolonged period. Once it is 
removed, the unfolded paper tends to 
immediately reassume the folded con- 
figuration. If, however, it is subse- 
quently flattened for a period of hours 
to days, the unfolded paper will main- 
tain this position. 

Sodium hyaluronate is able to 
unfold a markedly inverted retinal 
flap when injected just over the optic 
disc because it has a higher specific 
gravity (1.0084 at 20°C) than that of 
saline (John Verdaris, PhD, oral com- 
munication, July 15, 1988). Unlike 
most silicone oils, which have a specif- 
ic gravity of 0.97 and rise anteriorly 
in the supine position, the denser sodi- 
um hyaluronate, which has a molecu- 
lar weight greater than 2 million," 
pushes the retina down due to gravita- 
tional force. The subretinal fluid is 
subsequently pushed out of the subre- 
tinal space and anteriorly through the 
retinal break. 

A silicone oil with a density greater 
than that of saline has been reported" 
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and might well serve the same pur- 


pose as the sodium hyaluronate injec- 
tion, although sufficient data on its 


use in the human eye are not avail- — 


able. Use of perfluorotributylamine, a 
low-viscosity liquid fluorochemieal 
with a specific gravity almost twice 


that of water, has been shown by 
Chang’ to flatten giant tears with the _ 


patient in a supine position, but fur- 


ther clinical evaluation of the ocular _ 


tolerance of this substance seems to 
be necessary. 

In 1979, Pruett and colleagues” 
reported on the use of intraocular 
hyaluronic acid in 294 eyes, the major- 
ity of which underwent open-sky 
vitrectomy, but the subgroup with 


giant retinal tears was not addressed 


in detail. Two years later, Fitzgerald" 
described successfully unrolling a 


giant tear with sodium hyaluronate in . 
a manner similar to that detailed > 


herein, and in 1986 Folk and asso- 
clates’? included three cases of 180° 
giant tears in which sodium hyaluron- 
ate was employed to unroll the tear. A 
subsequent fluid-gas exchange was 
used in one of these three cases, and 
each of the retinas was eventually 
reattached. 

The most serious postoperative 
complication encountered in our 
series was a marked increase in 
intraocular pressure in an aphakic eye 
after the sodium hyaluronate injec- 
tion. Folk and asscciates'® observed 
that among 12 aphakic eyes receiving 
an intraocular injection of sodium 
hyaluronate greater than 0.75 mL, 
ten (83%) of 12 developed a postop- 
erative intraocular pressure of great- 
er than 25 mm Hg, while in five (42% ) 
of 12 eyes, it rose to 35 mm Hg or 
greater. In phakic eyes the rise 
appeared to be much less pronounced. 
The pressure increases generally 
occurred at one to seven days after the 
surgery and were attributed to for- 
ward migration of the sodium hyal- 
uronate into the anterior chamber. 
Thus, cases of giant tears unrolled 
with sodium hyaluronate that develop 
a marked elevation of intraocular 
pressure should perhaps be consid- 
ered for earlier gas-sodium hyaluron- 
ate exchange to allow the gas to sub- 
stitute as the tamponading agent and, 
it is hoped, ameliorate the increased 
intraocular pressure. 


A delayed complication that oe- 


curred in three of our six eyes was the g E 
development of either a macular puck- ae 
er, proliferative vitreoretinopathy, or _. 


both, a problem encountered fre- 
quently following the repair of giant 
retinal tears. We agree with Vidaurri- 
Leal and associates‘ that lavage of the 
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s: a following: extensive 

xy removes many of the retinal 

t epithelial cells in an attempt 

luce epiretinal membrane forma- 

m, and we therefore included this 
s in our a., Despite this 
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We have described a technique for 
repairing giant retinal tears of 180° or 
more with severely rolled-over flaps 
using vitrectomy, scleral buckling, 
and an intraocular sodium hyaluron- 
ate injection. This is followed within 
several days by a gas-sodium hyal- 
uronate exchange. Although a number 
of effective modalities are available to 
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Gholam A. Peyman, MD 


è i have developed an alarm system to 
indicate the air-fluid level in the irrigating 
bottle. This system warns the operating 
personnel before complete loss of infu- 
sion fluid occurs. 
{Arch Ophthalmol. 
1251) 


1989; 107: 1250- 


Or of the rare, but serious, compli- 
=| cations of a vitrectomy is the col- 
lapse of the eye during surgery. This 
complication, although not reported, 
occurs in a darkened room when the 
operating personnel cannot see the 
level of the irrigating fluid. The con- 
> tinuation of surgery and suction 
- causes the collapse of the eye and 
_ possible subsequent injuries to the 
retina or the lens. Similarly, at times 
the aspirating bottle of the irrigating 
-contact lens can run empty, causing 
-minor inconvenience during surgery. 
To overcome this problem I have 
- developed an alarm system to indicate 
-the air-fluid level in the infusion bot- 
- tle and to warn the operating person- 
-nel of impending complete loss of 
-infusion fluid. 


INSTRUMENTATION 


_ The disposable, sterile portion of this 
instrument (Fig 1) is made of a 6-cm-long, 
~18-gauge stainless steel tubing. A solid 
-stainless steel core (Fig 1, bottom) insu- 
lated from the outer tube forms the sharp 
end of this needle. One millimeter below 
the tip of the needle, a Teflon insulator 
_ Separates the tip from the outer tubing by 
a distance of 0.5 to 0.7 mm. The tube and 
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An Alarm System to Indicate Air-Fluid Level 
in the Irrigating Bottle 





Fig. 1.—The air-fluid level sensor (top) and a schematic drawing of its tip (bottom). 


the solid core are connected via a flexible 
insulated tube to a small box (Fig 2) con- 
taining a battery and an alarm system. A 
weak electrical current travels from the 
battery through the solid inner core of the 
needle and returns to the alarm system via 
the outer tubing. 

To indicate the desired air-fluid level at 
which the alarm system should activate, 
the needle is introduced through the plas- 
tic cup of the bottle and pushed forward to 
the desired distance from the bettle neck. 
While the tip of the needle is immersed in 


250 Arch Ophthalmol—Vol 107, August 1989 


the irrigating fluid, the electrical current — 
can pass from the tip of the needle through . 
the fluid over the discontinuous insulated — 
portion to the outer tubing. When the fluid 
level falls below the tip of the needle or 
when air replaces the fluid, the surround- 
ing air acts as an insulator and interrupts 
the electrical current, thus activating the 
alarm system. The weak electrical current 
in this system traveling over a small dis- 
tance does not cause a notable change in 
composition, osmolarity, or pH of the infu- 
sion fluid. 
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Fig 2.— The air-fluid sensor connected to the alarm system. 


COMMENT 


I have suceessfully used this instru- 
ment in 10 patients during vitrectomy 
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and in more than 100 laboratory 
trials. It has eliminated the sudden 
and disturbing loss of intraocular 
pressure caused by the emptied infu- 


sion bottle. The alarm system can and 
should be tested repeatedly before 
surgery by immersing the tip of the 
needle in the imfusion fluid of the 
bottle while it is in an upside-down 
position or in the air by positioning 
the bottle on its base to bring the 
needle in contact with the air 
entrapped in the bottle. This maneu- 
ver should activate the alarm system 
whenever the needle contacts the air. 

This alarm system can also be used 
as an adjunct fer intravenous drug 
delivery using én irrigating bottle. 
The alarm system will warn the nurs- 
ing personnel abcut impending loss of 
fluid from the bottle, preventing pos- 
sible undesired clotting of blood inside 
the intravenous reedle when the infu- 
sion bottle is empty. 


This investigation was supported in part by 
Public Health Service grant EY02377 from the 
National Eye Institue, National Institutes of 
Health, Bethesda, Md 

The air-fluid alarm system is produced with 
the collaboration of Advanced Surgical Products, 
Inc, Chesterfield, Mo. The author has proprietary 
interest in this instru nent. 
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for all physicians receiving a 
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If you are among the U.S. physicians receiving a Physicians Professional Activities 
PPA) census questionnaire it is because your record may need updating. It is vitally 
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pharmaceutical companies. 


Keep your professional record accurate and up-to-date. Plan now to participate. When O? 
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Pred Forte® 


(prednisolone acetate) 1.0% 
sterile ophthalmic suspension 


INDICATIONS AND USAGE: Pred Forte is indicated for the treatment 
of steroid responsive inflammation of the palpebral and bulbar 
conjunctiva, cornea and anterior segment of the globe. 


CONTRAINDICATIONS: Pred Forte is contraindicated in acute un- 
treated purulent ocular infections, acute superficial herpes sim- 
plex (dendritic keratitis), vaccinia, varicella and most other viral 
diseases of the cornea and conjunctiva, ocular tuberculosis, and 
fungal diseases of the eye. It is also contraindicated for individu- 
als sensitive to any components of the formulation. 


WARNINGS: Contains sodium bisulfite, a sulfite that may cause 
allergic-type reactions, including anaphylactic symptoms and life- 
threatening or less severe asthmatic episodes in certain suscept- 
ible people. The overall prevalence of sulfite sensitivity in the general 
population is unknown and probably low. Sulfite sensitivity is seen 
more frequently in asthmatic than in nonasthmatic people. 


In those diseases causing thinning of the cornea, perforation has 
been reported with the use of topical steroids. 


Since Pred Forte contains no antimicrobial, if infection is present, 
appropriate measures must be taken to counteract the organisms 
involved. 


Acute purulent infections of the eye may be masked or enhanced 
by the use of topical steroids. 


Use of steroid medication in the presence of stromal herpes simplex 
requires caution and should be followed by frequent mandatory 
slit-lamp microscopy. 

As fungal infections of the cornea have been reported coinciden- 
tally with long-term local steroid applications, fungal invasion may 
be suspected in any persistent corneal ulceration where a steroid 
has been used, or is in use. 


Use of topical corticosteroids may cause increased intraocular 
pressure in certain individuals. This may result in damage to the 
optic nerve, with defects in the visual fields. It is advisable that the 
intraocular pressure be checked frequently. 


Posterior subcapsular cataract formation has been reported after 
heavy or protracted use of topical ophthalmic corticosteroids, 


PRECAUTIONS: General: Patients with histories of herpes simplex 
keratitis should be treated with caution. 


Carcinogenesis, mutagenesis, Impairment of fertility: No studies 
have been conducted in animals or in humans to evaluate the 
potential of these effects. 


Pregnancy Category C: Prednisolone has been shown to be ter- 
atogenic in mice when given in doses 1-10 times the human dose. 
There are no adequate well-controlled studies in pregnant women. 
Prednisolone should be used during pregnancy only if the poten- 
tial benefit justifies the potential risk to the fetus. 


Dexamethasone, hydrocortisone and prednisolone were ocularly 
applied to both eyes of pregnant mice five times per day on days 
10 through 13 of gestation. A significant increase in the incidence 
of cleft palate was observed in the fetuses of the treated mice. 


Nursing Mothers: It is not known whether topical administration 
of corticosteroids could result in sufficient systemic absorption 
to produce detectable quantities in breast milk. Systemically admin- 
istered corticosteroids are secreted into breast milk in quantities 
not likely to have a deleterious effect on the infant. Nevertheless, 
caution should be exercised when topical corticosteroids are ad- 
ministered to a nursing woman. 


Pediatric Use: Safety and effectiveness in children have not been 
established. 


ADVERSE REACTIONS: Adverse reactions include increased intra- 
ocular pressure, which may be associated with optic nerve damage 
and defects in the visual fields, posterior subcapsular cataract 
formation, secondary ocular infections from fungi or viruses liber- 
ated from ocular tissues and perforation of the globe when used 
in conditions where there is thinning of the cornea or sclera. Sys- 
temic side effects may occur rarely with extensive use of topical 
steroids. 


= ALLERGAN PHARMACEUTICALS 
A Division of Allergan, Inc., Irvine, CA 92713 
©1988 





Doheny Eye Institute 


Controversies in Ophthalmology 
21st Annual Doheny Meeting 


Date: September 21, 22, 1989 


Course Director: Ronald E. Smith, M.D. 
Guest Faculty: 

John W. Chandler, M.D. 
Madison, Wisc. 

David A. Lee, M.D. 

Los Angeles, Ca. 


Ronald G. Michels, M.D. 
Baltimore, Md. 

George L. Spaeth, M.D. 
Philadelphia, Pa. 


Doheny Eye Institute Faculty: 

George Baerveldt, M.D. Jan McDonnell, M.D. 
Mark Borchert, M.D. Peter McDonnell, M.D. 
Steven E. Feldon, M.D. Don S. Minckler, M.D. 
Donald A. Frambach, M.D. A. Linn Murphree, M.D. 
George T. Frangieh , M.D. Richard R. Ober, M.D. 
Ronald Green, M.D. Narsing A. Rao, M.D. 
Dale K. Heuer, M.D. Stephen J. Ryan, M.D. 
John A. Irvine, M.D. 
John S. Lean, M.D. 
Peter E. Liggett, M.D. 
James T. Martone, M.D. 


James Salz, M.D. 
Ronald E. Smith, M.D. 
Kenneth W. Wright, M.D. 


Course Content: 


The 21st Annual Doheny Meeting will provide an update on con- 
troversies in ophthalmology today. Clinically oriented discus- 
sion of current topics will include anterior segment and posterior 


segment problems. 


Special Guest Faculty: 
Doheny Lecture: 
"Surgical Management of 
Macular Holes” 

Ronald G. Michels, M.D. 


Irvine Lecture: 


of Viral Keratitis" 
John W. Chandler, M.D. 


Los Angeles Society of Ophthalmology Lecture: 
“Diagnosis and Management of Patients with Narrow 
and Closed Angle Glaucoma" 

George L. Spaeth, M.D. 


Registration Information: 


Practicing Ophthalmologists $375 
USC/Doheny Voluntary Faculty & Alumni $187 
Ophthalmology Fellows & Residents $100 
Retired Physicians $100 
Ophthalmic Nurses & Technicians $100 


Credit Information: 
14 AMA/CMA Category I Credit Hours 
7 .JCAHPO Credit Hours 
14 BRN Credit Hours; Provider Number 06342 


Location: 

Doheny Eye Institute 

1355 San Pablo Street 

Los Angeles, California 90033 


Information: 

Dave Carpenter, Coordinator CME 
1355 San Pablo Street 

Los Angeles, California 90033 
213/224-5580 


Alfredo A. Sadun,M.D.,Ph.D. 


"Controversies in the Treatment 
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Continuing Medical Education 


Continuing Education for Ophthalmologists 


This list of continuing education opportunities for ophthalmologists is published 
monthly as a service to readers to help them keep abreast of meetings and courses of 
interest and importance. Presented by regional and national location, the list is updated 
monthly ara provides an easy reference to continuing medical education (CME) courses. 
Accredited sponsors are encouraged to notify the ARCHIVES of upcoming CME activities 
for inclusien in the list free of charge. Listings will be published for three consecutive 
months ane should be received at least two months prior to date of course, eg, by Jan 1 to 
be included in the March, April, and May issues. A course held between the first and 14th 


days, inclusively, 


will appear in the preceding month’s issue. The listing cannot be 


published wnless it contains the following information: title, location, date(s), sponsor(s), 
and contact address. Optional information includes CME category 1 hours of instruction, 
registration fee, and guest speakers. Listings should be typed double-spaced with 2-in left 
and right margins. Send submissions to Anne Meltzer, Archives of Ophthalmology, CME, 
600 N Wolfe St, Baltimore, MD 21205. Readers are encouraged to contact the accredited 


sponsor for more detailed information. 


CADIFORNIA 
Day of Ophtmalmol At: Emeryville Date: 9/9/89 
Hrs Instr: 8 Contact: Lorraine Geary, c/o 
Howard Schatz, MD, 1 Daniel Burnham Ct, 
#210, San Francisce, CA 94109; (415) 441-0906 


Controversies in Ophthalmol At: Los Angeles 
Dates: 9/21/89 to 9722/89 Contact: Dave Car- 
penter, CMEs Coord, 1355 San Pablo St, Los 
Angeles, CA 90033; (213)224-5580 


Basic Science Course in Ophthalmol At: Stan- 
ford Dates: 7/4/89 to 8/31/89 Reg Fee: $1550 
Contact: J W. Bettman, MD, Dept of Ophthal- 
mol, A-157, Stanford Med Center, Stanford, CA 
94305 

DISTRICT OF COLUMBIA 


Armed Forces Inst of Pathology & Am Registry of 


Pathology Ann Courses At: Washington, DC 
Dates: 8/26/89 to 8/27/89 Contact: Exec Dir, 
Am Registry of Pathology, Armed Forces Inst 
of Pathology, Washington, DC 20306-6000 


FLORIDA 


Ocular Trauma & Emergency, Malpractice Avoid- 
ance, & Medicare Reimbursement At: Panama 
City Dates: 8/9/89 to 8/13/89 Contact: Ala- 
bama Acad of Ophthalmol, Ann Mtg Informa- 
tion, Box 11252, Birmingham, AL 35202; 
(205 )322-3084 


HAWAII 


Symp on Lipofuscin & Ceroid Pigments At: Ho- 
nolulu Dates: 8/20/89 to 8/23/89 Contact: EA 


Porta, MD, Dept of 2athelogy, Univ of Hawaii, 
1960 E-W Rd, Honolalu, HI 96822; (808)948-8845 


Glaucoma, Pediatric Dphthalmology, & Neuro- 
Ophthalmology At: <aneuela Dates: 8/5/89 to 
8/12/89 Hrs Instr: 28.5 Contact: B. J. Johnson, 
USC Sch of Med, 19% Zonal Ave, KAM 314, Los 
Angeles, CA 90033; (2137224-7051 


ILLINOsS 


Ophthalmol for the 90s At-xChicago Dates: 9/22/ 
89 to 9/23/89 Reg Fee: $300 Contact: Conf 
Registrar, UIC Conf & Inst, M/C 607, Box 6998, 
Chicago, IL 60612; (=12)996-5225 


KEPTUCKY 


Clinical Advances for he Practicing Ophthalmol- 
ogist At: Louisville Dates: 9/15/89 to 9/16/89 
Contact: Jennifer Sharp. Ctr for Adv Eye Surg, 
Humana Hosp, Lexngten, 150 N Eagle Creek 
Dr, Lexington, KY +0505 (606)268-3754 


MARYLAND 


Current Concepts in Ophthalmology At: Balti- 
more Date: 9/15/89 Sontact: Prgm of CME, 655 
W. Baltimore St, Baltimore, MD 21202; 
(301)328-3956 


Second Internati Symp or Ocular Circulation & 
Neovascularization At: Faltimore Dates: 9/25/ 
89 to 9/28/89 Reg Fee: 125 ($300, in training) 
Contact: Off of CM3, The Johns Hopkins Med 
Inst, Turner Bldg, 720 Retland Ave, Baltimore, 
MD; (301)955-2959 


MASSACHUSETTS 


Current Concepts iœ Neuroradiology, Head & 
Neck Radiology, & Neuro-MRI At: Boston 
(Centinued on p 1256.) 


THE INSTITUTE FOR CONTINUING MEDICAL EDUCATION OF THE NEW YORK EYE AND EAR INFIRMARY PRESENTS 


CORNEA AND EXTERNAL DISEASE 1990: A PREVIEW 


Jules Baum, M.D. 
Elisabeth Cohen, M.D. 
Sardy Feldman, M.D. 








CORNEA 





GUEST FACULTY 

James Jester, Ph.D. 
Herbert Kaufman, M.D. 
Peter Laibson, M.D. 
Roger Steinert, M.D. 


DECEMBER 1 & 2, 1989, HOTEL INTERCONTINENTAL, NEW YORK, N.Y. 
Mark Speaker, M.D., Ph.D., Course Director * Jorge Buxton, M.D., Director, Cornea Service 








TOPICS 
EXTERNAL DISEASE 


NEW YORK EYE & EAR FACULTY 
Douglas Buxton, M.D. 
Jorge Buxton, M.D. 
Robert Cykiert, M.D. 


Herry Ferry, M.D. 
Johr Seedor, M.D. 
Mark Speaker, M.D. 
Casimir Swinger MD. 


REFRACTIVE SURGERY 








e Herpes Simplex and Zoster ¢ AIDS 
and Chlamydia ¢ New Drugs and 
Delivery Systems 

OCULAR IMAGING s 
¢ Specular Microscopy * Corneal 
Topography ¢ Confocal Microscopy 2 


¢ Postoperative Astigraatisn © Excimer 
Laser ¢ Epikeratophaka vs IOL's 
e Intrastromal Implan’s ® Refractive 
Thermokeratoplasty ® Radml Keratotomy 
= (ost Keratomileusis 
ap H 


Éli 


e Corneal Transplants ¢ Contact Lens 

ek cea sib e IOL Complications 

¢ Dustrephies ¢ Thinning and 
Perfarations * Keratoconus ® Dry Eye 

i |i i Syneromie. 
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ACTIVITIES mhi 





e Spous's program with shopping tour ¢ Holiday events in New York: Theatre, Arts, Museums, Shopping ® Welœming reception 


REGISTRATION 





e Eee $250 © Residents and Fellows $75 ¢ Contact: Mrs. Sylvia Sorrentino, Institute for Continuing Medica Education 
The New York Eye and Ear Infirmary, 310 East 14th Street, New York, NY 10003, (212) 598-143) 
The Institute for Continuing Medical Education of The New York Eye and Ear Infirmary designates this Ontinuing 


medical educational activity for 12 credit hours in Category 1 of the Physician’s Recognition Award of the AMA. 
The New York Eye and Ear Infirmary is a teaching affiliate of the New York Medical College. 
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(Continued from p 1255.) 


Dates: 9/18/89 to 9/22/89 Hrs Instr: 40 Reg Fee: 
$590 (combined course); $450 (in training) Con- 
tact: Paula DeLong, Postgrade Educ Coord, 
Mass Gen Hosp, Boston, MA 02114; (617)726- 


5244 
MINNESOTA 


Behcet’s Dis Internatl Conf At: Rochester Dates: 
9/14/89 to 9/15/89 Contact: William Nietz, 
CME, Mayo Clinic, Rochester, MN 55905; 


(507)284-2085 
MICHIGAN 


Twenty-First Ann Summer Conf Michigan Oph- 
thalmological Soc At: Mackinac Island Dates: 
8/10/89 to 8/13/89 Hrs Instr: 8 Contact: Chris- 
tine A. Jourdain, 412 Eastland Prof Bldg, 


Harper Woods, MI 48225 
OHIO 


Fourth Ann Tilles-Weidenthal Lecture At: Cleve- 
land Date: 9/23/89 Hrs Instr: 3 Contact: Daniel 
T. Weidenthal, MD, Div of Ophthalmol, Saint 
Luke’s Hospital, 11311 Shaker Blvd, Cleveland, 
OH 44104; (216)368-7146 


Ninth Ann Ophthalmol Conf At: Columbus Date: 
9/15/89 Contact: Grant Med Ctr, Attn: Violet 
McDonough, Conf Coord, 111 S Grant Ave, Co- 
lumbus, Ohio 43215; (614)461-3096 


FOREIGN 


Nineteenth European Cong of Contactology At: 
Istanbul, Turkey Dates: 9/28/89 to 10/1/89 
Contact: Prof. Dr H. Kandemir, Bagdat Cad 
296/12, Erenkoy 81060, Istanbul, Turkey; 
(901)356 67 09 


Internat! Symp on Tumors of the Eye At: Essen, 
W Germany Dates: 9/20/89 to 9/23/89 Contact: 
Off of Univ Eye Hosp, Hufelandstrasse 55, D 
4300 Essen 1, West Germany 


Before they 
take it, 
talk about it. 


% £ National Council on 
AK Patient Information 
and Education 


666 Eleventh St. N.W. Suite 810 
Washington, D.C. 20001 
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11th Annual 


Royal Hawaiian Eye Meeting 
January 20 - 27, 1990 


REGISTER for the largest public eye meeting in the country! This year's program includes: 

* Ophthalmic Marketing Management, Andrew J. Morley, Jr., M.D. & Stephen 
W. Brown, Ph.D. 

¢ Ophthalmic Pathology for the Clinician, David J. Apple, M.D. 

° Personal Lifestyle Management, Stephen N. Hull, M.D. 

° Perplexing Inflammatory Disease, C. Stephen Foster, M.D. 

e Medicare Rates, Fraud & Abuse, Robert E. Fenzl, M.D. 

¢ New Techniques, Instruments, Devices, John D. Hunkeler, M.D. 

¢ Expanding Your Ophthalmic Surgical Horizons, Gerald E. Meltzer, M.D. 

¢ Cataract & Refractive Surgery Update, Richard H. Keates, M.D. 

¢ Outpatient Surgery in Any Setting, Albert C. Neumann, M.D. 

PLUS: 

e Allied Personnel Program, Donald Ham, M.D. & Theresa Ham, R.N. 

¢ Administrative Personnel Program, Bill Borover 


ALSO FEATURING optional workshops, labs, and a special program for spouses. And 
don't miss our popular poolside Banyan Tree sessions! 

COME AND JOIN US at the beautiful Hyatt Regency on Kaanapali Beach, Maui. 
From the heights of Haleakala volcano to the breathtaking white sand beaches, Maui is a 
wonderland with golf, water activities and much more. 


REGISTER NOW! 


RHEM ‘90 

c/o Mary Charles & Associates 
2334 S. King Street, Suite 205 
Honolulu, Hawaii 96826 
808/942-9055 


HAWAIIAN EYE 
FOUNDATION 
John M. Corboy, M.D. 


Meeting Director 
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To receive your Registration Kit, contact: 


MANAGEMENT OF COURSE FACLLTY 
COMPLICATED Senge N de Basiran; M.D. 


TOPICS TO BE COVERED: 
RETINAL DETACHMENTS Macular Holes 


@ Risk factors for the development of macular holes 


Friday, Oetober 6 and Saturday, October 7, 1989 © Vitreous surgery for the prevention of macular holes 


Proliferative Diabetic Retinopathy 
@ Viscoelastic Dissection Techniques 

© Management of post-op hemorrhage 

@ Instrumentation update 


Proliferative Vitreoretinopathy 

@ Update on uses and availability of long acting gases 
© Surgery of the vitreous base-pros and cons 

© Intraocular lenses in PVR 

@ Retinal tears in the development ef PYR 

@ Pharmacologic treatment of PVR 


Giant Retinal Tears 

@ Heavier-than-Water Vitreous Substitutes 
@ Gas versus silicone oil 

@ Indications for lensectomy 

è How to avoid PVR 


ROP 
@ Cryotherapy for ROP 
@ Surgical management of ROP 


The Retina Center 

at Saint Joseph Hospital 

P.O. Box 20,000, Baltimore, MD 21284-0000 
(301) 337-4500 

















PAN AMERICAN ASSOCIATION OF OPHTHALMOLOGY 
PRESENTS THE 
THIRD NORTH AMERICAN COURSE 
MAY 24-27, 1990 
ORLANDO, FLORIDA 


TOPICS MODERATORS 
Pediatric Ophthalmology Marshall Parks, M.D. 
Neuro-Ophthalmology Alfredo Sadun, M.D., Ph.D. 
Cornea L. Michael Cobo, M.D. 
2 Glaucoma Richard Simmons, M.D.—Richard Parrish, M.D. 
Cataract Walter Stark, M.D.—Juan Batlle, M.D. 
Retina Hilel Lewis, M.D.—Mark Blumenkranz, M.D. 















Gary Abrams, M.D.—Bradley Straatsma, M.D. 
Don H. Nicholson, M.D.—Stanley Chang, M.D. 
Plastics David Tse, M.D. 


PROGRAM DIRECTOR 
Eduardo Alfonso, M.D. 


This program is designed to enhance and review clinical knowledge in ophthalmology by providing a 
three-day symposia. Approximately 50 national and international speakers will review and present new 
advances in their areas of clinical expertise. Registration fee includes all lectures, course materials, 
coffee breaks and reception. Special rates have been obtained at the Hyatt Regency-Grand Cypress 
Hotel. 


The University of Miami School of Medicine designates this continuing medical education activity for 
twenty (20) credit hours in Category 1 of the Physician’s Recognition Award of the American Medical 
Association. 


For further information please contact: Bascom Palmer Eye Institute, P.O. Box 015869, Miami, Flor- 
ida 33101. Telephone: 305/326-6099. 
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The Ophthalmology Board Review Course 
November 6-11, 1989 — Philadelphia 
April 13-18, 1990 — Chicago 
May 2-7, 1990 — San Francisco 
Now, your only BOARD REVIEW just before Written and Oral Exams 


OBJECTIVES 


e Improve basic and clinical knowledge in ophthalmology 
è Assist residents and fellows in organizing study 


è Prepare candidates to take examinations 


eè Provide practicing ophthalmologists with a review and update 


"The faculty was outstanding. 
not only from world-famous au 


METHODS 


e HOME STUDY MATERIALS with a syllabus of questions 
and answers — and assignments 


e SEMINAR with projection-slide lectures and syllabus 


The most pleasant thing was learning a tremendous amount, 
thorities but from people who are relatively unknown as well."* 


Fundamentals Anterior Segment Geoffrey Gladstone, M.D. 
Anatomy Anterior Angle Co-Director Oculoplastic Service 
Biochemistry Glevcens Wm. Beaumont Hosp., Royal Oak, MI 
Physiology Lens B. David Gorman, M.D. 

P Coordinator of Resident Programs 
harmacology Trauma Lennox Hill Hospital, New York 

Optics and Refraction Orbit and Adnexa Dayi 

. : avid Guyton, M.D. 
Ophthalmic Optics Orbit Professor of Ophthalmology 
Refractive Errors Eyelids Johns Hopkins University 
Instruments Lacrimal System Eric Mandel, M.D. 

Clinical Refraction lasti Ophthalmologist, in Private Practice 
Plastic Surgery l 

ichlar Lennox Hill Hospital, New York 
Inflammation ere a J. Arch McNamara, M.D. 
Uveal Tract mmuno ogy Clinical Instructor a.. 
oilar Tumors Endocrinology Thomas Jefferson University 

Systemic Diseases Mark Moster, M.D. 

Posterior Segment Emergencies Ass'’t. Prof. of Neuro. and Ophth. 
Retina Temple University 
Vitreous Ophthalmic P athology Leonard Nelson, M.D. 
Laser Surgery Adnexa and Orbit Assoc. Professor of Ophthalmology 
Macula External Eye Thomas Jefferson University 


Vascular Disease 


Anterior Segment 


Joseph Sassani, M.D. 


Posterior Segment Assoc. Prof. of Ophth. and Path. 
ee wamology ig Pennsylvania State University 
euroanatom iviti 
Bake Naser y Other Activities Jerry A. Shields, M.D. 

Pp Pathology Laboratory Professor of Ophthalmology 
Visual P athways Written Exam Thomas Jefferson University 
Pupill 

ee System Oral Exam Carol L. Shields, M.D. 


Oculomotor System 


Pediatric Eye 
Congenital Disorders Steven Abel, Pharm.D. 
Genetic Disorders Aff. Ass’t. Prof. of Clin. Pharmacy 
Strabismus Pustiue Unbesiiy 
J. Douglas Cameron, M.D. 
Ocular Surface Assoc. Prof. of Ophth. and Path. 
External Disease University of Minnesota 
Cornea e Arthur Cotliar, M.D. 
Conjunctiva Associate in Clin. Ophthalmology 
Sclera Columbia University 


Address 
City/State/Zip 
Phone 


P.O. Box 2218 


Exam Review 





Mail today to: 


1094 Dawn Lane, Dept A8 


Terre Haute, IN 47802 
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Instructor, Oncology Service 
Wills Eye Hospital, Philadelphia 


Michael Starr, M.D. 
Assoc. Clin. Prof. of Ophthalmology 
Cornell University 


Thomas Stevens, M.D. 
Professor of Ophthalmology 
University of Wisconsin 


Floyd Warren, M.D. 
Clin. Ass’t. Prof. of Ophthalmology 
New York University 


Limited Enrollment: OPHTHALMOLOGY REVIEW REGISTRATION 


Name 

ce name ae ee Pe a 
aaa Pact se a eT 
Se ee ee. O 


For:] Nov. 6-11, 1989 — Phildelphia 
(J April 13-18, 1990 — Chicago 
C] May 2-7, 1990 — San Francis::o 
[] Check is enclosed for $ 


LLL eee 


e PRACTICE EXAMS with oral and written parts 


"Accommodations were comfortable...."* 


GOALS AND LOCATION: The course is 
held the week before written and oral 
exams. Home study questions will be sent 
before the course. Your best value is to 
repeat the seminar for half price the week 
before both written and oral exams. 
Topics and faculty are upgraded for each 
program. Meeting hotels are chosen for 
the best combination of excellent study 
site and reasonable cost for travel and 
room. Our rates are typically $75 to $95 
single and $95 to $115 double. Please 
await instructions before buying travel 
tickets. 


"and those little extras...."* 


LOWEST AIR FARES: Reliable Travel 
offers you the lowest air fare — often 
below super-saver rates. Please call toll- 
free 1-800-548-8185 and identify yourself 
with this Osler course. 


"remarkably complete and pleasant."* 


PLACEMENT SERVICE: For practice 
Opportunities write or call 1-800-356-7537. 


"the most education for the money."* 


FEES AND C.M.E. CREDITS: 

e C.M.E. Credit: 60 hours 
e Practicing Ophthalmologists: $690 
e Residents and Fellows: $460 


e Repeating course within 3 years: half price 
è Add 10% within 10 days of the couse. 

e Fees do not include lodging or meals 

e Attendees not in course hotel add $8/day. 

e $50.00 will reserve your position.. 


"home study material was extremely helpfil"* 


REFUNDS: Subject to a $50 fee, refunds 
will be made until the seminar begins. 
e Cancellation after mailing home study 

material requires retention of half the fee. 


"I feel [the course] helped me pass ...."* 


INFORMATION: 
Joseph H. Selliken, Jr., M.D. 
THE OSLER INSTITUTE 
1094 Dawn Lane, P.O. Box 2218 
Terre Haute, IN 47802 
(800) 356-7537 or (812) 299-5658 


* Comments by past Osler participants 


OSO PFS 


THE AMERICAN SOCIETY OF OPHTHALMIC PLASTIC 
AND RECONSTRUCTIVE SURGERY 


PRECEDING THE AMERICAN ACADEMY OF OPHTHALMOLOGY MEETING 
20th ANNUAL MEETING 


Saturday, October 28, 1989 
Marriott Hotel e New Orleans, Louisiana 
8:00 a.m. - 4:30 p.m. 


Featuring symposia on 
Orbit and Eyelid Reconstruction 


SPEAKERS 
lan T. Jackson, M.D. 
Director, Craniofacial and Reconstructive Surgery, Providence Hospital 
Nia K. Terezakis, M.D 
Clinical Professor of Dermatology, Tulane School of Medicine 
Crowell Beard, M.D. ¢ Byron C. Smith, M.D. ¢ Alston Callahan, M.D. 


For registration material please write to: 
Ralph E. Wesley, M.D. e 1989 Program Chairman 
250 25th Avenue, North ¢ Suite 216, The Atrium 


Nashville, TN 37203 e 


THE EAGLE. 
AN ENDANGERED SPECIES? 


The Eagie, symbol of 
strength, honor, and character, Fi d 
personifies the vigor of e ARSE A 
America. 

The Eagle Badge, symbol ofi 
strength, honor, and character, 
represents the highest level of Y = 
achievement in the Boy Scout @ PPro 
movement. ee Rae 

Don't let the best of Amen ‘ 
become an endangered speq#é 













BECOME A MEMBER OF THE NATIONAL BOY SCOUT 
ALUMNI FAMILY. — JOIN TODAY! 

Your one-year, $10 membership entitles you to the 
Alumni Bulletin, the Annual Report, a membership 
card and an attractive wall certificate suitable for 
framing. 

A -vE $30 membership entitles you to a free 
Norman Rockwell print, as well as all of the benefits of . 
a one-year membership. fl 

Write today ta T 
National Boy Scout Alumni Family “Á 
1325 Walnut Hill Lane ¢ Irving, Texas 75062 - 1296 





(615) 329-3624 





Center for Sight 
Georgetown University Medical Center 
presents 
GEORGETOWN AT THE GREENBRIER 
A NEW TRADITION CONTINUES: 


OUTPATIENT OPHTHALMOLOGY 1990: 
How to Deliver Quality Care and Maintain Financial Viability 


October 13-14, 1989 


The Greenbrier 
White Sulphur Springs 
West Virginia 


FACULTY 


Michael A. Lemp, M.D. 
H. Dwight Cavanagh, M.D. Ph.D. 
Richard Keates, M.D. 

P. Noel Dilly, M.B., Ph.D. 
Patricia Aiken-O’Neill, Esq. 
John O'Neill, M.D. 

Ms. Marcella Pyke 


A CONTINUING MEDICAL EDUCATION COURSE 
Sponsored by Georgetown University 


For further information: 
Center for Sight 
Georgetown University Medical Center 
3800 Reservoir Rd., N.W. 
Washington, D.C. 20007 


Telephone: (202) 684495? 


The Center for Sight Continuing Education Programs are presented in part 
by generous grants from the following corporate sponsors: Allergan Pharma- 
ceuticals, Bausch & Lomb, Ethicon, Inc. and Pharmacia. 
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Betagan®devobunolol HCl) 0.5% 


_Liquifilm® sterile ophthalmic solution with 


E CAP” Compliance Cap 


Brief Summary of Prescribing Information 


INDICATIONS AND USAGE: BETAGAN Liquifilm sterile ophthalmic 
solution has been shown to be effective in lowering intraocular pres- 


- sure and may be used in patients with chronic open-angle glaucoma 


or ocular hypertension. CONTRAINDICATIONS: BETAGAN is con- 
traindicated in those individuals with bronchial asthma or with a 
history of bronchial asthma, or severe chronic obstructive pulmo- 
nary disease (see WARNINGS); sinus bradycardia; second and third 


degree atrioventricular block; overt cardiac failure (see WARNINGS); 


cardiogenic shock; or hypersensitivity to any component of this 
product. WARNINGS: As with other topically applied ophthalmic 


_ drugs, BETAGAN may be absorbed systemically. The same adverse 
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ee 
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reactions found with systemic administration of beta-adrenergic 
blocking agents may occur with topical administration. For example, 
severe respiratory reactions and cardiac reactions, including death 
due to bronchospasm in patients with asthma, and rarely death in 
association with cardiac failure, have been reported with topical 
application of beta-adrenergic blocking agents (see CONTRA- 
INDICATIONS). Cardiac Failure: Sympathetic stimulation may be 
essential for support of the circulation in individuals with 
diminished myocardial contractility, and its inhibition by beta- 
adrenergic receptor blockade may precipitate more severe failure. 
In Patients Without a History of Cardiac Failure: Continued depres- 
sion of the myocardium with beta-blocking agents over a period 
of time can, in some cases, lead to cardiac failure. At the first sign 
or symptom of cardiac failure, BETAGAN should be discontinued. 
Non-allergic Bronchospasm: In patients with non-allergic bron- 
chospasm or with a history of non-allergic bronchospasm (e.g., 


_ chronic bronchitis, emphysema), BETAGAN should be administered 


Cages 


with caution since it may block bronchodilation produced by endo- 


genous and exogenous catecholamine stimulation of beta, recep- 
-~ tors. Major Surgery: The necessity or desirability of withdrawal of 


beta-adrenergic blocking agents prior to major surgery is controver- 


= sial. Beta-adrenergic receptor blockade impairs the ability of the 


heart to respond to beta-adrenergically mediated reflex stimuli. This 
may augment the risk of general anesthesia in surgical procedures. 
Some patients receiving beta-adrenergic receptor blocking agents 
have been subject to protracted severe hypotension during 
anesthesia. For these reasons, in patients undergoing elective sur- 
gery, gradual withdrawal of beta-adrenergic receptor blocking agents 
may be appropriate. If necessary during surgery, the effects of beta- 
adrenergic blocking agents may be reversed by sufficient doses of 
such agonists as isoproterenol, dopamine, dobutamine or levar- 


‘terenol (see OVERDOSAGE). Diabetes Mellitus: Beta-adrenergic 


blocking agents should be administered with caution in patients 
subject to spontaneous hypoglycemia or to diabetic patients 
(especially those with labile diabetes) who are receiving insulin or 
oral hypoglycemic agents. Beta-adrenergic receptor blocking agents 
may mask the signs and symptoms of acute hypoglycemia. Thyrotox- 
icosis: Beta-adrenergic blocking agents may mask certain clinical 
signs (e.g., tachycardia) of hyperthyroidism. Patients suspected of 
developing thyrotoxicosis should be managed carefully to avoid 
abrupt withdrawal of beta-adrenergic blocking agents which might 
precipitate a thyroid storm. Contains sodium metabisulfite, a sul- 
fite that may cause allergic-type reactions including anaphylactic 
symptoms and life-threatening or less severe asthmatic episodes in 
certain susceptible people. The overall prevalence of sulfite sensi- 
tivity in the general population is unknown and probably low. Sulfite 
sensitivity is seen more frequently in asthmatic than in nonasthmatic 
people. PRECAUTIONS: General: BETAGAN® (levobunolol HCl) 
0.5% Liquifilm® sterile ophthalmic solution should be used with 
caution in patients with known hypersensitivity to other beta- 
adrenoceptor blocking agents. Use with caution in patients with 
known diminished pulmonary function. In patients with angle- 
closure glaucoma, the immediate objective of treatment is to reopen 
the angle. This requires constricting the pupil with a miotic. 
BETAGAN has little or no effect on the pupil. When BETAGAN is 
used to reduce elevated intraocular pressure in angle-closure 
glaucoma, it should be used with a miotic and not alone. Muscle 
Weakness: Beta-adrenergic blockade has been reported to potenti- 
ate muscle weakness consistent with certain myasthenic symptoms 
(e.g., diplopia, ptosis and generalized weakness). Drug Interactions: 
BETAGAN should be used with caution in patients who are receiving 


a beta-adrenergic blocking agent orally, because of the potential for 
additive effects on systemic beta-blockade. Although BETAGAN used 
alone has little or no effect on pupil size, mydriasis resulting from 
concomitant therapy with BETAGAN and epinephrine may occur. 


Close observation of the patient is recommended when a beta- ¢ 


3 


blocker is administered to patients receiving catecholamine- 
depleting drugs such as reserpine, because of possible additive 
effects and the production of hypotension and/or 


P 


marked : 


bradycardia, which may produce vertigo, Syncope, or postural l 


hypotension. Animal Studies: 


No adverse ocular effects were 


observed in rabbits administered BETAGAN topically in studies last- _ 


centration. Carcinogenesis, mutagenesis, impairment of fertility: 


ing One year in concentrations up to 10 times the human dose ae 


In a lifetime oral study in mice, there were statistically significant _ 


l 


(p = 0.05) increases in the incidence of benign leiomyomas in female _ 


mice at 200 mg/kg/day (14,000 times the recommended human dose 


for glaucoma), but not at 12 or 50 mg/ kg/day (850 and 3,500 times 
the human dose). In a two-year oral study of levobunolol HCI in 
rats, there was a statistically significant (p < 0.05) increase in the 
incidence of benign hepatomas in male rats administered 12,800 
times the recommended human dose for glaucoma. Similar differ-. 


ences were not observed in rats administered oral doses equiva- ~ 


lent to 350 times to 2,000 times the recommended human dose for 
glaucoma. Levobunolol did not show evidence of mutagenic activity 
in a battery of microbiological and mammalian in vitro and in vivo 
assays. Reproduction and fertility studies in rats showed no adverse 
effect on male or female fertility at doses up to 1,800 times the recom- 
mended human dose for glaucoma. Pregnancy Category C: Feto- 
toxicity (as evidenced by a greater number of resorption sites) has 
been observed in rabbits when doses of levobunolol HCI equiva- 
lent to 200 and 700 times the recommended dose for the treatment 
of glaucoma were given. No fetotoxic effects have been observed 
in similar studies with rats at up to 1,800 times the human dose for 
glaucoma. Teratogenic studies with levobunolol in rats at doses up 
to 25 mg/kg/day (1,800 times the recommended human dose for 
glaucoma) showed no evidence of fetal malformations. There were 
no adverse effects on postnatal development of offspring. It appears 
when results from studies using rats and studies with other beta- 
adrenergic blockers are examined, that the rabbit may be a particu- 
larly sensitive species. There are no adequate and well-controlled 
studies in pregnant women. BETAGAN should be used during preg- 
nancy only if the potential benefit justifies the potential risk to the 
fetus. Nursing Mothers: It isnot known whether this drug is excreted 
in human milk. Systemic beta-blockers and topical timolol maleate 
are known to be excreted in human milk. Caution should be exer- 
cised when BETAGAN is administered to a nursing woman. Pediatric 
Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: In clinical trials the use of BETAGAN has 
been associated with transient ocular burning and stinging inabout 
one in four patients, and with blepharoconjunctivitis in about one 
in 20 patients. Decreases in heart rate and blood pressure have been 
reported occasionally (see CONTRAINDICATIONS and 
WARNINGS). The following adverse effects have been reported rare- 
ly with the use of BETAGAN: Iridocyclitis, headache, transient ataxia, 
dizziness, lethargy, urticaria and pruritus. Decreased corneal sensi- 
tivity has been noted in a small number of patients. Although 
levobunolol has minimal membrane-stabilizing activity, there 
remains a possibility of decreased corneal sensitivity after prolonged 
use. The following additional adverse reactions have been report- 
ed with ophthalmic use of beta, and beta, (non-selective) adrener- 
gic receptor blocking agents: BODY AS A WHOLE: Headache. 
CARDIOVASCULAR; Arrhythmia, syncope, heart block, cerebral vas- 
cular accident, cerebral ischemia, congestive heart failure, palpita- 
tion. DIGESTIVE: Nausea. PSYCHIATRIC: Depression. SKIN: Hyper- 
sensitivity, including localized and generalized rash. RESPIRATO- 
RY: Bronchospasm (predominantly in patients with pre-existing 
bronchospastic disease), respiratory failure. ENDOCRINE: Masked 
symptoms of hypoglycemia in insulin-dependent diabetics (see 
WARNINGS). SPECIAL SENSES: Signs and symptoms of keratitis, 
blepharoptosis, visual disturbances including refractive changes 
(due to withdrawal of miotic therapy in some cases), diplopia, ptosis. 
Other reactions associated with the oral use of non-selective adrener- 
gic receptor blocking agents should be considered potential effects 
with ophthalmic use of these agents. 
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i Gently curved...reduces columnar rigidity 
for ease of insertion 


Broad loop arc designed to enhance tissue contact, 
stability and lens centration 


Loop designed to reduce capsular stress 


NEW RELAXED LOOP END 


Broader loop arc reduces the potential of a compressed 
loop touching optic surface 


Loop tip remains within the optic diameter, allowing easy inferior 
and superior loop placement, even in small-pupil situations 


ADVANCED OPTICS 


Available with no positioning holes providing a larger, 
clear optical zone 


Available with PDH™ Partial Depth Holes in 6.0mm 
and 7.0mm optics to help reduce unwanted optical effects 


UVBLOC™ Plus, Class ! UV Filter provides excellent protection* 


*Mainster. MA. The spectra. Classification and rationale of ultraviolet-protective intraocular ienses 
Am J Ophthalmol 1986 Dec; 102.727 -732 
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Its not its size, but the weight of its impact 
which makes this small, yellow cap your single 
biggest weapon in the battle against beta-blocker 
noncompliance. 

In a one-month, open-label, noncomparative 
study with 130 patients,* only 41.2% of the patients 
reported taking their medication(s) 100% of the 
time as prescribed at baseline. At the final visit, 
following the use of C Cap™ Compliance Cap, 
672% reported 100% compliance. 

This represents an increase of 63% in 
compliance from baseline levels. 

Evidence that the C Cap Compliance Cap 
helps patients take the medication as you prescribed. 


B.I. D. 


AAA 


Meaning it's up to you. Do your patients get to 
benefit from an accepted compliance-enhancing 
device...or not? 

Betagan. The beta-blocker with the difference 
put its Commitment to your patients on top. l 


* Data on file, Allergan Pharmaceuticals. 


Betagan “(levobunolol HCl) 05% 


Liquifilm®sterile ophthalmic solution with | 
C Cap™ Compliance Cap. 


For patients with ocular hypertension or 
chronic open-angle glaucoma. 


Please see adjacent page for brief summary of prescribing 
information. 
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Betagan is contraindicated in patients with bronchial asthma, a 
history of bronchial asthma, or severe chronic obstructive pul- 
monary disease; sinus bradycardia; second- and third-degree 
atrioventricular block; overt cardiac failure; cardiogenic shock; 
hypersensitivity to any component of this product, — 
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Macular Grid Photocoagulation for Macular Edema in Central Retinal Vein Occ usion 
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Changing Therapy From Timolol to Betaxolol: Effect on Intraocular Pressure im 
Selected Barents With Glaucoma . R. Vogel, R. Tipping, S. F. Fulaga, Jr, 
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Superior Segmental Optic Hypoplasia R. Y. Kim, W. F. Hoyt, S. Lessell, M. H. Narahara 


$ Automated Kinetic Perimetry With Two Rerigheral Isopters in Glaucoma K N. Miller, 
M. B. Shields, A. R. Ollie 


Posterior Vitreous Fluorophotómetry: 
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il. Comparison of Diabetic Patients and Controls With the Use of a New Analysis 
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IOPIDINE Sterile Ophthalmic Solution 


(Apraclonidine Hydrochloride) 1% as Base 
New Generation drug controls 
post-laser IOP spikes > 


First drug in new class of Ocular Lase 

Surgical Agents 

m Clonidine-derived alpha adrenergic 
agonist 

= Controls or prevents acute postop IOP 
spikes (during first three critical hours) 
following argon laser trabeculoplasty 
and iridotomy 


Many glaucoma patients at risk 

m Some degree of IOP elevation occurs ir 
over 50% of laser-treated patients 

m IOP spikes > 10 mmHg occur in 20% o 
more of laser treated eyes 

| ™ Susceptible patients have experienced 

- IOP spikes, visual field damage and/or 

| vision loss 

= m Existing drugs do not consistently pre- 
= ventor reduce IOP spikes 


_ IOPIDINE resolves the problem 
m Demonstrated significant IOP sup- 
pressing ability in double-masked, con- 
trolled clinical studies'^® "8? 
m Only two drops needed 
m Well tolerated with minimal side 
effects’ 




















































IOPIDINE™ ophthalmic solution has 
minimal effect on heart rate and blood 
pressure; however, caution should be 
observed in treating patients with severe 
cardiovascular disease including 
hypertension. 


Alcon 


CONVENIENT 
DISPENSING 





CONTAINERS 
IOPIDINE™ is supplied in SURGICAL 
E ae BENA (x a il A Division of Alcon Laboratories, Inc. 
pairs (one for pre-and — P.O. Box 6600 


Fort Worth, TX 76115 

817/293-0450 

ORDER LINE: 0? 
1-800-TO-ALCON I 
(1-800-862-5266) L. 2 


one for post-treatment — 
medication) and ` 
enclosed in a foil 
overwrap. 





1A. Robin, A, L.; Pollack, I. P.; House. B.: Enger, C.; Effects of ALO 2145 on Intraocular Pressure Following Argon Laser Trabeculoplasty: Arch Ophthalmol. 105: 646 
1987 


1B. Robin, A. L.; Pollack, |. P.; deFaller, J. M.: Effects of Topical ALO 2145 (p-Aminocionidine Hydrochloride) on the Acute Intraocular Pressure Rise After Argon 
Laser iridotomy; Arch Ophthalmol, 105: 1208. 1987 

2. Brown, R. H., et al; ALO 2145 Reduces the Intraocular Pressure Elevation after Anterior Segment Laser Surgery, Ophthalmology, 95: 378, 1988 

3. Abrams, D. A.; Robins, A. L.; Pollack, |. P.: deFaller, J. M.: DeSantis, L.: The Safety and Efficacy of Topical 1% ALO 2145 (p-Aminoclonidine Hydrochloride) in 
Normal Volunteers; Arch Ophthalmol, 105: 1205, 1987 


IOPIDINE ™ 


(apraclonidine hydrochloride) 


1% As Base 


Sterile Ophthalmic Solution 


DESCRIPTION: IGPIDINE ™ Ophthalmic Solution contains apraclonidine 
hydroahloride, arralpha adrenergic agonist, in a sterile isotonic solution for 
topicat application to the eye. Apraclonidine hydrochloride is a white to off-white 
powder ard is highly soluble in water. Its chemical name is 2-[(4-amino-2,6 
On Oe imino] imidazolidine monohydrochloride with an empirical 


formuta ofCgH, ,C!,N, and a molecular weight of 281.6. The chemical structure 
of apraclomidine hydrochloride is: 
CI H 
N 
NH2 LO | * HCI 
N 
Ci 


Each mL ot lORIDINE Ophthalmic Solution contains: Active—Apraclonidine 
hydroenlomde 11.5 mg equivalent to apraclonidine base 10 mg; Preservative — 
Benzalkonium chloride 0.01%; Inactive- Sodium chloride, sodium acetate, 
sodium hydroxdesand/or hydrochloric acid (pH 4.4-7.8) and purified water. 


DM-00 
CLINICAL PHARMACOLOGY 
Apraclanidine is a relatively selective, alpha adrenergic agonist and does not 
have significant membrane stabilizing (local anesthetic) activity. When instilled 
into.the eye, |OPID!NE (apracionidine hydrochloride) Ophthalmic Solution has 
the action of reducing intraocular pressure. Ophthalmic apraclonidine has 
minima effect on eardiovascular parameters. 


Optic nerve head damage and visual field loss may result from an acute 
elevation imintraocular pressure that can occur after argon laser surgical 
procedures. Elevated intraocular pressure, whether acute or chronic in duration, 
is a major risk facter in the pathogenesis of visual field loss. The higher the peak 
or spike of intraocular pressure, the greater the likelihood of visual field loss and 
optic nerve damage especially in patients with previously compromised optic 
nerves. The-onset ef action with IOPIDINE Ophthalmic Solution can usually be 
noted within one heur and the maximum intraocular pressure reduction usually 
occurs "ree to fivehours after application of a single dose. The precise 
mechan:smof the ecular hypotensive action of OPIDINE Ophthalmic Solution is 
not completely established at this time. Aqueous fluorophotometry studies in 
man sugges! that its predominant action may be related to a reduction of 
aqueous fommation 


Controlied clinical studies of patients requiring argon laser trabeculoplasty or 
argon laser \ridatomy showed that IOPIDINE Ophthalmic Solution controlled or 
prevented the pestsurgical intraocular pressure rise typically observed in 
patientsafter undergging those procedures. After surgery, the mean intraocular 
pressure-was 1.9 to4.0 mmHg below the corresponding presurgical baseline 
pressure betore IOPIDINE ™ Ophthalmic Solution treatment. With placebo 
treatment, postsuraical pressures were 2.5 to 8.4 mmHg higher than their 
correspanding presurgical baselines. Overall, only 2% of patients treated with 
IOPIDINE Ophthalmic Solution had severe intraocular pressure elevations (spike 
= 10 mmHg) during the first three hours after laser surgery, whereas 21% of 
placebo. reated patients responded with severe pressure spikes (Table 1). Of 
the patiemts that experienced a pressure spike after surgery, the peak intraocular 
pressure'was above 30 mmHg in most patients (Table 2) and was above 50 
mmHg iœseven placebo-treated patients and one IOPIDINE Ophthalmic 
Solutionstreated patient. 





Table 1 
Yacrdeace of Intraocular Pressure Spikes = 10 mmHg 
Treatment 
Apraclonidine Placebo 
Study Laser Proeedure P-Value N? (%) N’ (%) 
1 Overall <0.05 0/51 (0%) 10/45 (22%) 
2 Overall <0.05 2/58 (3%) 12/61 (20%) 
1 Trabeculoplasty <0.05 0/40 (0%) 6/35 (17%) 
2 Trabeculoplasty = 0.06 2/41 (5%) 8/42 (19%) 
1 Inidotomy =< 0.05 0/11 (0%) 4/10 40%) 
2 iridotom = 0.05 0/17 0% 4/19 
aN = Number Spikes. Number Eyes. 


Table 2 
Magmiude ofPostsurgical Intraocular Pressure in Trabeculoplasty 
and /udotomy Patients With Severe Pressure Spikes = 10 mmHg 


Total Maximum Postsurgical Intraocular Pressure (mmHg) 
Treatment Spikes 20-29 mmHg 30-39 mmHg 40-49 mmHg > 50 mmHg 


raclonidine 2 0 0 1 1 
acebo 22 1 10 4 7 


INDICATIGNS:AND USAGE 

JOPIDINE{apracionieine hydrochloride) Ophthalmic Solution is indicated to 
control ompreventpostsurgical elevations in intraocular pressure that occur in 
patients after argon laser trabeculoplasty or argon laser iridotomy. 
CONTRAINDICATION 

Hypersensitivity to any component of this medication or to clonidine. 
PRECAUTIONS 

General 

Since IOPIDINE Ophthalmic Solution is a potent depressor of intraocular 
pressure, gatientsavho develop exaggerated reductions in intraocular pressure 
should beciosely monitored. 


341530 January1988 


Although the acute administration of two drops of IOPIDNE ™ Ophthalmic 
Solution has minimal effect on heart rate or blood pressare in clinical studies 
evaluating patients undergoing anterior segment laser sargery, the preclinical 
pharmacologic profile of this drug suggests that cautioneshould be observed in 
treating patients with severe cardiovascular disease incleding hypertension. 


The possibility of a vasovagal attack occurring during laser surgery should be 
considered and caution used in patients with history of such episodes. 


Topical ocular administration of two drops of 0.5%, 1.0% and 1.5% IOPIDINE 
Ophthalmic Solution to New Zealand Albino rabbits three times daily for one 
month resulted in sporadic and transient instances of mmima! corneal 
cloudiness in the 1.5% group only. No histopathological shanges were noted in 
those eyes. No adverse ocular effects were observed in cynomolgus monkeys 
treated with two drops of 1.5% IOPIDINE Ophthalmic Soution applied three 
times daily for three months. No corneal changes were ooserved in 320 humans 
given at least one dose of 1.0% IOPIDINE Ophthalmic Sorution 


Drug Interactions 
Interactions with other agents have not been investigatec. 


Carcinogenesis, Mutagenesis, Impairment of Fertility 

In a variety of in vitro cell assays, apracionidine was nonmutagenic. Studies 
addressing carcinogenesis and the impairment of fertilityhave not been 
conducted. 


Pregnancy Category C 

There are no adequate and well controlled studies of IOPIDINE Ophthalmic 
Solution in pregnant women. Animal reproduction studies have not been 
conducted with apraclonidine hydrochloride. This medication should be used in 
pregnancy only if the potential benefit to the mother justifies the potential risk 
to the fetus. 

Nursing Mothers 

lt is not known if topically applied IOPIDINE Ophthalmic Solution is excreted 

in human milk. A decision should be considered to discortinue nursing 
temporarily for the one day on which IOPIDINE Ophthalmec Solution is used. 


Pediatric Use 
Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 

The following adverse events were reported in associatior with the use of 
IOPIDINE Ophthalmic Solution in laser surgery: upper lid slevation (1.3%), 
conjunctival blanching (0.4%) and mydriasis (0.4%). 


The following adverse events were observed in investigational studies dosing 

IOPIDINE Ophthalmic Solution once or twice daily for up 28 days in nonlaser 

studies: 
OCULAR: Conjunctival blanching, upper lid elevation, mydriasis, burning, 
discomfort, foreign body sensation, dryness, itching, hypotony, blurred or 
dimmed vision, allergic response, conjunctival microhenormhage 
GASTROINTESTINAL: Abdominal pain, diarrhea, stomach discomfort, emesis 
CARDIOVASCULAR: Bradycardia, vasovagal attack, pal sitations, orthostatic 
episode 5 
CENTRAL NERVOUS SYSTEM: Insomnia, dream disturtances, irritability, 
decreased libido 
OTHER: Taste abnormalities, dry mouth, nasal burning er dryness, headache, 
head cold sensation, chest heaviness or burning, clammy orsweaty palms, 
body heat sensation, shortness of breath, increased pheryngeal secretion, 
extremity pain or numbness, fatigue, paresthesia, pruritus net associated 
with rash 

OVERDOSAGE 

No information is available on overdosage in humans. The ral LDso of the drug 

ranged from 3-8 ma/kg in mice and 38-107 mg/kg in rats. “he intravenous LDso 

of the drug ranged from 6-9 mg/kg in mice and 9-21 mg/kc in rats. LDs9 values 

in these ranges are indicative of a drug with a high degree ef toxicity. 

DOSAGE AND ADMINISTRATION Li. 

One drop of IOPIDINE Ophthalmic Solution should be instilled in the scheduled 

operative eye one hour before initiating anterior segment lSer surgery and a 

second drop should be instilled to the same eye immediatery upon completion of 

the laser surgical procedure. 

HOW SUPPLIED 

IOPIDINE (apracionidine hydrochloride) Ophthalmic Solution 1% as base is a 

sterile, isotonic, aqueous solution containing apraclonidine hydrochioride. 

Supplied as follows: 0.25 mL in plastic ophthalmic dispensers, packaged two 

per pouch. These dispensers are enclosed in a foil overwrap as an added barrier 

to evaporation. 

0.25 mL: NDC 0065-0660-25 

STORAGE 

Store at room temperature. Protect from light. 


U.S. Patent No. 4,517,199 


Alcon’ 


SURGICAL 


Jointly Manufactured By: 

Alcon Laboratories, Inc. 

Fort Worth, Texas 76134 USA 
d 


an 
Automatic Liquid Packaging Corp. 
Arlington Heights, Illinois 60005 
Printed in USA 
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The VOLK 78D BIO? Lens 
has valuable features that 
make it something special! 


Simply insert the Volk Lid Lens Adaptem 
» High magnification into the lens retaining ring for improved 
l l lid control and lens stability. 

’ Optimum field of view 
' Excellent working distance 
' Available in Clear and Volk Yellow retina protector glass 
' MOLK 78D Lid Lens Adapter minimizes lid movement 

and provides instant fundus viewing and lens stability 


Exclusiv 
Ee nene NO IK OPTICAL / 7893 ENTERPRISE DRIVE, MENTOR, OHI 
MADE IN THE UNITED STATES OF AMERICA 


O 44060 / (216) 942-61 = 
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L Haptic stability —PMMA memory provides improved centration* 
L Biological stability—all-PMMA material equals greater biocompatibility 
L Insertion stability— advanced laser- cco | 
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polypropylene flexibility with PMMA 1 
quality and performance ONO LEX 





= This SEM demonstrates the degra- 
»* dation that can occur when a 
polypropylene limbal suture is 


placed in metabolically active tissue. 
(Reprinted with permission from 


the American Intra-Ocular Implant 

Society Journal. Drews RC: Proven PMMA performance 
Polypropylene in the human eye. ° . . ° 

Am base citar Implant Soc ] Nn multi-piece designs 


1983 ;9:137-142.) 


*Data on file, Alcon Surgical, Inc., August 1988 con 
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Membrane Damage. 
Abnormal cell morphology. 
Raised nuclei. 


Induced chemical 

precipitate. 

Abnormal cellular effects 
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tear supplements—according 
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of potassium, sodium and calcium 
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cellular integrity for up to 5 hours 
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Positive cell viability indicates an environment 
where epithelial cells can flourish. 


Nutritional support to fuel 
the cellular environment. 
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the epithelium clean and moist. 
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support to promote a healthy 
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Does an ophthalmic laser have to intimidate 
the patient by its bulk? Or the physician by 
its complexity? 

Nidek doesn't think so. 

So we've been building a big business 
in small lasers for 18 years. Lasers for every 
need: Nd:YAG, argon, krypton, and dye. 
Even the world’s first diode laser powerful 
enough to be really effective. 

Each compact unit is developed at 
our U.S. facility to provide space-savings 
and patient confidence while maintaining 
unsurpassed performance, reliability 
and operating ease. 


A BIG COMPANY DO 
SMALL MIRACLE 





By combining Japanese electronics 


and optics with the finest U.S. laser compo- 


nents you get the best of both worlds. 
Because reliability is so crucial, we 
employ every technique to extend system 
life. The exclusive low-duty-cycle design of 
our argon-based lasers, for instance, is a 
real tube-saver. To date, there have been 
no reported tube failures from the field. 
Careful efforts to combine-perfor- 
mance with practicality have made Nidek 
the world’s second largest ophthalmic 
laser company. We employ 800 people 
and have $128 million in annual sales. 








And we're growing fast. 

For more laser information, write: 
Nidek, Inc., 2460 Embarcadero Way, 
Palo Alto, CA 94303. Or simply call: 
(800) 223-9044. 

Because Nidek knows it's the little 
things that pay off big. 
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intraoperative Crushed Ice Compresses During 
Oculoplastic Surgery 


To the Editor—The use of postoperative ice compresses is 
a mainstay of patient management following oculoplastic 
surgery. Despite this widely recognized benefit of postoper- 
ativeice compresses, little attention has been paid to the use 
of intraoperative crushed ice. We are strong advocates of 
intraoperative ice compresses during oculoplastic proce- 
dures, many of which require 1.5 to 2 or more hours. We 
present a simple, economical, and efficient method for the 
application of intraoperative compresses of crushed ice. 


Report of a Case.—An 82-year-old white man was taken to the 
operating room for resection of a large basal cell carcinoma of the 
left lower eyelid. This procedure involved frozen-section monitor- 
ing of the surgical margins. Approximately 45 to 50 minutes 
elapsed while the surgical specimens were being processed. The 
operative field areund the left eye was covered with a sterile bag 
filled with crushed ice (Figure). The cool, crushed ice compress 
helped minimize intraoperative swelling and hematoma formation, 
facilitating the eyelid reconstruction performed in this case. 


Materials and Methods.—The crushed ice is prepared by the cir- 
eulating nurse and then placed ina double-lined sterile plastic bag 
prepared by the serub nurse. The plastic bag of crushed ice is tied 
in a knot and maintained upright at all times to prevent leakage 
of unsterile fluid as the ice melts. A moist gauze pad is placed over 
the periocular operative site and the upright sterile bag of crushed 
ice is laid on the moist gauze. A hemostat can be used to secure the 
bag of ice to the surgical drape and maintain it in an upright po- 
sition. 

Comment.—Cryotherapy, the local application of cold for 
therapeutic reasons, dates back as far as the ancient Greeks 
(Hippocrates, 460 to 370 Bc). Today, the value of local cryo- 
therapy continues to be recognized in the treatment of acute 
injuries to reduce inflammation, edema, hematoma forma- 
tion, and pain. Ice compresses are also frequently used as 
local treatment for the postoperative patient.’ These same 
benefits obtained in the postoperative setting can be bene- 
fical in the intraoperative period. 

The physiologic effects of cryotherapy include (1) a 
decrease in the amount of blood flow to the applied area,’ (2) 
a reduction in tissue metabolism,’ and (3) local anesthesia.’ 
The decrease in blood flow is caused by constriction of ar- 
terioles and shunting of blood away from the cooled area. 
This will limit the amount of hemorrhage and reduce local 
edema. As longas the temperature does not fall below 10°C, 
there is no rebound vasodilation. It has been shown that the 
oxygen concentration in the venous blood returning from a 
cooled extremity is higher than from a normal limb. With 
fewer metabolites produced, the tissue damage is reduced, 
and the required repair occurs faster. 

Local cooling to 10°C to 15°C produces an anesthetic ef- 
fect. The mechanisms of pain relief include prevention of 
local release ef histamines and vasoactive substances, 
reduction im nerve conduction velocity, and a decrease in 
local muscle spasm. This analgesic effect may permit the use 
of decreased amounts of intraoperative local anesthetic 
agents, eg, lidocaine hydrochloride. 

The soft-tissue cooling effects of crushed ice chips have 
been compared with frozen-gel packs, chemical ice enve- 
lopes, and refrigerant gas-inflated bladders. In laboratory 
studies in canines, of these various cooling agents, crushed 
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Intraoperative photograph demonstrating crushed ice in a sterile plastic 
bag. The double-lined sterile plastic bag is tied in a knot and maintained 
upright to prevent fluid leakage as the ice melts. 


ice performed most efficiently in reducing soft-tissue 
temperature.’ 

In summary, cryotherapy in the form of crushed ice com- 
presses reduces local tissue swelling and inflammation, and 
provides pain relief. We find the use ef intraoperative ice 
compresses to be especially valuable during lengthy resec- 
tions of eyelid tumors and during bilateral oculoplastic 
procedures, including ptosis repair and blepharoplasty. 

DANIEL K. Kim, MD 
MYRON TANENBAUM, MD 
SHIRLEY J. FLEMMINGS 
Miami, Fla 
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Ocular Surface Keratinization as a Predictor of 
Response to Topical Retinoic Acid Therapy 


To the Editor.—Retinoic acid has improved clinical signs in 
most cicatrizing dry eye conditions, but not in keratocon- 
junctivitis sicca.’ Even in the absence of cicatrization, it has 
produced a substantial improvement in some cases of con- 
junctival and corneal keratinization.? We found that ocular 
surface keratinization was predictive of response to topical 
retinoic acid treatment in the course of a randomized, dou- 
ble-masked, placebo-controlled, crossover trial. 

We quantified conjunctival and corneal keratinization by 
dividing the ocular surface into 11 zenes and scored each 
area from 0 (no keratinization) to 3 (thick keratin plaque), 
based on slit-lamp examination and rose bengal staining. 
The numbers were added to determine a total clinical kera- 
tinization score. Conjunctival scrapings were Giemsa 
stained; an average of 200 to 300 epithelial cells were ran- 
domly counted from areas of each slide to determine the per- 
centage of keratinized cells and keratinizimg epithelial cells. 
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diphtheroids. 


Report of a Case.—A 31-year-old man with chronic graft-vs-host 
disease presented with a 2-year history of bilateral dry eye symp- 
toms with conjunctival keratinization and recurrent corneal epi- 
thelial defects despite maximal medical treatment. The baseline 
examination revealed thick keratin plaques on the upper palpebral 
conjunctival surfaces of both eyes (Fig 1, left). The clinical kerati- 
nization score was 13 in the right eye and 14 in the left eye. Right 
upper conjunctival scrapings revealed 93.5% keratinized cells and 
5.5% keratinizing cells; left eye scrapings revealed 67.5% kerati- 
nized cells and 18.0% keratinizing cells (Fig 1, right). 

After 1 month of application of retinoic acid ointment (0.025% ) 
twice daily, symptoms significantly improved, and keratin plaques 
had completely regressed (Fig 2, left). The posttreatment clinical 
keratinization score was 2 in both eyes. Conjunctival scrapings 
showed less than 1% keratinized cells and less than 3% keratiniz- 
ing cells in either eye (Fig 2, right). The improvement in ocular 
surfacing has remained stable for 6 months with daily retinoic acid 
treatment. 


Comment.—We noted that improvements in ocular sur- 
facing after topical retinoic acid therapy were proportional 
to the extent of pretreatment keratinization. We recom- 
mend a careful examination for keratinization with rose 
bengal staining and conjunctival scrapings to identify pa- 
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Fig 1.—Left, Right upper tarsus prior to treatment. Thick keratinized plaque covers the upper tarsal con- 


junctiva. Right, Giemsa-stained scrapings. Note the large keratinized epithelial cells surrounded by many 


Fig 2.—Left, Right upper tarsus 1 month following treatment. The keratinized 
Normal epithelial cells with absence of diphtheroids. 





tients who may benefit from topical retinoic acid treatment, 

and to quantify their treatment response. 
CARL P. HERBOoRT, MD 
Scott S. WEISSMAN, MD 
H. BRUCE OSTLER, MD 
ADA CEVALLOS MT(ASCP) 
DEVRON H. CHAR, MD 
San Francisco, Calif 


1. Soong HK, Martin NF, Wagoner MD, et al. Topical retinoid therapy for 
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2. Herbort CP, Zografos L, Zwingli M, Schoeneich M. Topical retinoic acid 
in dysplastic and metaplastic keratinization of corneo-conjunctival epithe- 
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Concentration Change and Activity of Fluorouracil in 
the External Segment of the Eye After Subconjunctival 
Injection 


To the Editor.—I found the article by Kondo and Araie' re- 


garding fluorouracil concentrations after subconjuctival 
injection of interest, but I believe that their experimental 
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design poses some problems with extrapolation of the 
results to the clinical situation. 

In their madel, the drug was injected in a superotempo- 
ral location, permitting gravity to assist in the movement 
of both the subconjunctival and tear-borne fluorouracil in- 
feriorly. Clinically, however, the filter site is most often lo- 
cated superiorly and the injection site inferiorly; thus, the 
drug must diffuse against the combined forces of gravity 
and aqueous outflow through the fistula. Even if there is no 
subconjunctival scarring, the injected drug is unlikely to 
diffuse and “rapidly reach the conjunctiva and sclera on the 
side 180° away from the injection site” in the clinical situ- 
atien at the rate demonstrated in the Kondo and Araie’s 
model. 

The reported even distribution (1.6 to 2.4 ug/g) of injected 
fluerouraci! m the bulbar conjunctiva and sclera 5 hours 
after injection may not be the result of extraocular diffu- 
sion, but may actually reflect the concentrations (2.0 ug/g) 
to be expected from a rapid systemic diffusion’ of a 5-mg 
dose in a 2.5-kg rabbit. An assay of fluorouracil in a 
conjunctival biopsy specimen from the fellow eye not 
injected would distinguish ocular diffusion from systemic 
diffusion. In humans, systemic diffusion would produce 
much lower, and essentially ineffective, levels of drug in the 
target tissue: 

It is not clear that inhibitory drug levels of fluorouracil 
derived fromee!l culture data are clinically relevant. It may 
be that peak concentration at the right location is more im- 
portant clinically than the constant tissue levels repre- 
sented by inhibitory drug values. 

Fluorouracil is activated by intracellular enzymatic con- 
version and bonds covalently to a folate cofactor in a very 
stable complex with the enzyme thymidylate synthetase. 
The complex inactivates the enzyme. Not only is the result- 
ing interference with the processing and functioning of 
RNA and DNA more lethal to the logarithmically growing 
cells, but also is toxic to nondividing cells. The long-term 
stability andactivity of the complex are reflected in the fact 
that, as an antineoplastic agent, fluorouracil is given in a 
single daily er, more commonly, weekly dose, in contrast to 
agents that depend on less-stable binding and are given as 
continuous intravenous infusions or multiple daily doses.’ 

From what has been learned in using fluorouracil in can- 
cer chemotherapy, it appears that we should target the cells 
with the highest dose permitted before becoming toxic. In 
my experience with more than 100 filtration procedures 
during the past 15 months, it is possible to inject fluorou- 
racil into Tenon’s tissue directly above the bleb at the time 
of surgery with few toxic effects. 

Although Kondo and Araie suggest that once-daily dos- 
ing with fluerouracil may not be enough, clinical studies’ 
indicate that less-frequent dosing is effective and reduces 
toxic effects. I suspect that the location of the injection and 
the concentration of the drug, rather than the frequency of 
the doses, are more critical factors in the efficacy of this 
procedure. 

STUART F. BALL, MD 
New Orleans, La 
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In Reply.—Dr Ball’s letter correctly addressed some of the 
concerns that we had in extrapolating our results obtained 
using normal rabbit eyes to the clinical situation. The main 
purpose of our article was to report that 24 hours after the 
subconjunctival injection of 5 mg of fluorouracil, its levels 
in the cornea, sclera, and conjunctiva were still above the 
reported fluorouracil concentrations for 50% inhibition of 
cultured fibroblast proliferation levels, which may have 
clinical implications for the safe use ef this drug. As 
expressly stated in the “Comment” section, it is difficult to 
estimate the fluorouracil levels postoperatively in the 
human eye with glaucoma from the results we obtained.’ 
There are too many differences in the conditions between 
normal rabbit eyes and human eyes with glaucoma postop- 
eratively. For example, we injected fluarouracil through the 
superior rectus muscle belly to minimize reflux.’ In patients, 
this method of injection is practically impessible because of 
possible damage to the muscle. Leaking through the needle 
track would considerably affect fluoreuracil levels in the 
cornea and conjunctiva.’ As for the site of injection in pa- 
tients, fluorouracil is injected inferiorly in some cases 
where the filter site is located superiorly. In other cases 
where the superior conjunctiva is already scarred because 
of previous surgeries, fluorouracil must be injected superi- 
orly. 

However, we cannot completely agree with Dr Ball on 
several points. He stated that the even distribution of the 
injected fluorouracil in the conjunctiva and sclera 5 hours 
after the injection may reflect the comeentration to be 
expected from a rapid systemic diffusion ef this drug given 
in a relatively large dose for a small model. In our experi- 
ment, we found that fluorouracil leve's in the conjunctiva 
and sclera opposite to the injection site were about 60 to 70 
ug/g at 1 hour.' Although we did not measure fluorouracil 
levels in fellow eyes not injected, it is unlikely that this high 
level of fluorouracil reflects the systemic diffusion. It seems 
reasonable to assume that the fluorouracil first reached the 
opposite side by diffusing in the subccnjunctival space and 
then gradually became absorbed by the surrounding tissues 
and general blood circulation. Dr Bal suggested that the 
peak level of fluorouracil at the filter site may be more clin- 
ically important. To the best of our knowledge, it is not 
known whether an average level over time or a peak level 
of fluorouracil at the filter site is more relevant to the effect 
of fluorouracil on the postoperative scar formation. This 
problem must be elucidated on a solid experimental and 
clinical basis in the future. 

MASAKI KONDO, MD 
MAKOTO ARAIE, MD 
Tokyo, Japan 


1. Kondo M, Araie M. Concentration change ef fluorouracil in the exter- 
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Fashionable Patches 


To the Editor.—Ophthalmologists are sometimes con- 
fronted with patients who have a severe cosmetic deformi- 
ty following the loss of orbital tissues or exenteration. 
Ocular or oculofacial prostheses are available for these 
patients, but they may not be aesthetically or functionally 
acceptable in all cases. Men can frequently use a simple 
black eye patch (Hathaway patch) in these circumstances, 
which may evoke a certain “machismo” image. However, 
this image does not afford the same appeal to most 
women. 
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A few of the cosmetic eye patches constructed to go with holiday 
themes (top) or daily dress (bottom). 


We recently treated a woman who created a variety of 
patches with pleasing and often entertaining themes (Fig- 
ure). She constructed her own patches from spare material 
to match her daily dress. She also made special patches to 
incorporate the motifs of holidays or seasons. She has 
received many positive comments and reinforcements on 
the appearance of her patches, which made this attractive 
young lady less self-conscious about her deformity. 

We feel that such cosmetic patches offer an innovative 
alternative to an ocular or oculofacial prosthesis in certain 
patients. Such patches may help some patients deal posi- 
tively with functional and cosmetic deformities not readily 
amenable to reconstruction. We recommend that physi- 
cians with such patients suggest this possibility to moti- 
vated individuals. 

MITCHELL J. WoLIN, MD 
JOHN B. Ho_ps, MD 
RICHARD L. ANDERSON, MD 
Salt Lake City, Utah 


Dr Wolin is now with the South Carolina Eye Institute, Columbia, SC. 


DNA Content Analysis of Uveal Melanoma 


To the Editor.—DNA content flow cytometric analysis and 
morphometric determination of SD of necleolar area 
(SDNA) correlate with uveal melanoma mortality.'? In this 
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retrospective study we assessed the relative prognostic ac- 
curacy of these techniques. 

One hundred twenty-seven enucleated uveal melanomas 
submitted to the Armed Forces Institute of Pathology, 
Washington, DC, prior to 1973 were analyzed in a masked 
manner. The DNA content was studied on deparaffinized 
50-um stained sections (Chromomycin A-3) using a cytom- 
eter (FACS IV, Becton-Dickinson, Mountain View, Calif).? 
Histogram peaks with coefficients of variation less than 8.0 
were accepted. Single-peak histograms were assumed to be 
diploid. The lowest DNA content spike in a multiple peak 
was considered diploid and the others aneuploid. Degree of 
aneuploidy was expressed as a “DNA index” that equaled 
the ratio of the aneuploid to diploid peaks; diploid tumors 
were assigned a DNA index of 1.0. 

Nucleolar areas of 200 randomly selected cells from each 
melanoma were measured as previously described, and the 
SDNA was calculated in each case.' The Cox Proportional 
Hazard Model was used to evaluate the degree of associa- 
tion between the patients’ force of mortality and both the 
DNA index and SDNA. Only patients whose deaths were 
attributable to metastatic melanoma were considered; pa- 
tients dying of other causes were considered unavailable for 
follow-up. 

Sixty-three of 127 analyzed samples yielded a histogram 
with a coefficient of variation less than 8.0. Despite identi- 
cal preparation, some tumor samples produced unaccept- 
able coefficients of variation greater than 10.0; these sam- 
ples were reanalyzed and yielded a constant result in all but 
a few cases. Seventeen (27% ) of 65 tumors had aneuploidy 
DNA content. Twenty-two (48% ) of 46 patients with diploid 
tumors died of metastatic melanoma. Ten patients (59% ) 
with aneuploid melanomas died. For DNA indexes greater 
than 1.4, 5 (71%) of 7 patients died. The increased mortal- 
ity with aneuploid tumors was not significant (P = .19). The 
SDNA was measurable in 57 of 63 tumors and correlated 
much better with the force of mortality (P = .0001); how- 
ever, there was a good correlation between SDNA and DNA 
index (r = .53, P = .0001). 

Technical problems in DNA content assessment of older 
archival paraffin-embedded specimens are well known.’ In- 
creased background noise from broken nuclei and cellular 
debris are important, and as sample age increases, such 
problems for DNA content analysis become more likely. In 
contrast to our previous data with more recent tumors, this 
study indicated a significant correlation between DNA in- 
dex and uveal melanoma mortality.’ Because of problems 
associated with older formalin-fixed paraffin-embedded 
specimens, we believe that the determination of DNA con- 
tent analysis and its prognostic potential for uveal mela- 
noma requires a prospective study. Measurement of SDNA 
appears to be superior for studies in older archival para- 
ffin-embedded tissue. 

JAMES MCMILLAN 
DEVRON H. CHAR, MD 
San Francisco, Calif 


IAN W. McLEAN, MD 
Washington, DC 


JOHN W. GAMEL, MD 
Louisville, Ky 
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Ocular Pneumoplethysmography in 
Giant-Cell Arteritis 


To the Editor.—I wish to make some comments on the ar- 
ticle by Bosley et al' in the March issue of the ARCHIVES re- 
garding the use of ocular pneumoplethysmography (OPG- 
Gee) in the diagnosis of giant-cell arteritis (GCA). While I 
appreciate the results of the study, the conclusion that the 
OPG-Gee is a clinically practical, cost-effective, and safe 
procedure in the diagnosis of GCA is in question. The latter 
poirt of safety is surely the most obvious. 

Having observed the procedure during my residency, I 
was impressed by the sustained high intraocular pressure 
and transient ocular ischemia it produced. The intraocular 
pressure reaches levels between 110 to 145 mm Hg,’ which 
is allowed to slowly decrease in a period of 28 to 40 seconds.’ 
This intraocular pressure exceeds ophthalmic artery sys- 
tolic pressure and causes transient occlusion of the oph- 
thalmic artery, the posterior ciliary arteries, and the cen- 
tral retinal artery. As a prudent neuro-ophthalmologist, I 
found the thought of performing the procedure on both eyes 
of patients with GCA after recent monocular ischemia (an- 
terior ischemic optic neuropathy [AION] or central retinal 
artery occlusien [CRAO)]) disturbing. 

The authors’ assumption of safety in testing patients 
with GCA must derive from the fact that none of their nine 
patients with GCA who had positive biopsy results suffered 
any adverse consequences, and that there have been appar- 
ently few ocular complications in studying patients with 
atherosclerotic carotid disease (not ocular ischemic 
syndromes).’ 

There is no mention or recognition of the possible risks 
to patients with GCA of such transient ocular ischemia in 
(1) the recently infarcted optic nerve head in an eye with 
residual vision and (2) the unaffected fellow eye with pos- 
sibly tenuous nerve head or central retinal artery perfusion. 
Atherosclerotic carotid disease and GCA may have similar 
luminal narrewing and flow disturbances in affected seg- 
ments, yet GCA also probably creates a thrombogenic en- 
virenment due to factors produced by inflammatory cells 
loeally. Therefore, the transference of the assumption of 
test safety from atherosclerotic disease to GCA is in ques- 
tien and indicates the need for further testing of the OPG- 
Gee in patients with GCA before making such claims. It 
may be that GCA is actually a contraindication to OPG 
testing rather than an invitation to study. 

Certainly, if one disregards the safety issue, the conclu- 
sion about the utility of routine OPG-Gee testing in the di- 
agnosis of GCA could also be debated. Only patients with 
pesitive tempora! artery biopsy results and AION/CRAO 
were studied, so that its reliability in people suspected of 
having GCA without AION/CRAO is unknown. Once the 
prebable diagnosis of GCA is made, the prudent physician 
arranges for an expedient temporal artery biopsy and 
begins cortieosteroid therapy. Even if an OPG-Gee study 
can be arranged before the biopsy (which might be difficult 
im many institutions), the impact of the results on thera- 
peutic decisions would be minimal and should not dissuade 
the physician from performing the biopsy. However, if the 
biopsy had to be-delayed for an unusual length of time or 
could not be performed, the OPG-Gee might be reassuring 
in patients with GCA with AION or CRAO. However, the 
otherwise reutine use of the OPG-Gee in diagnosing GCA 
does not appear to be cost-effective and may be prone to 
false-negative results in patients with GCA without ar- 
teritic AION/CRAO. 

The authors’ conclusions regarding the utility and safety 
of the OPG-Gee in studying patients with GCA are weakly 
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supported. I recommend that these patients not undergo 

OPG-Gee until at least the safety issue 3 resolved. 
JAMES H. BATES, MD 
Ak-on, Ohio 
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In Reply.—I appreciate the careful attencion Dr Bates gave 
to our article. However, I disagree with 1is concerns about 
the safety and utility of OPG-Gee testirg in the setting of 
possible GCA. 

Ocular pneumoplethysmography has proved to be re- 
markably safe in more than 1 million procedures during the 
last 15 years. Several large series have not reported oph- 
thalmic complications,'? and, to my knowledge, the only re- 
ported mishap during testing is displacement of one iris 
plane intraocular lens’ that was repositioned without sur- 
gery. This safety record may be related zo the fact that the 
human globe is accustomed to transient elevations of 
intraocular pressure, such as during ey2 rubbing, to levels 
of well above that used in the test.*° 

Dr Bates suggests that GCA may create a “thrombogenic 
environment” and that OPG-Gee testing may be dangerous 
in this setting. He offers no histologi», experimental, or 
clinical data to support this view, and I am also unaware of 
any such reports. We have now perforned more than 100 
OPG-Gee studies on 24 patients with GCA, and none of 
these patients has experienced a visua complication. Em- 
pirical evidence available to date, therefore, implies that Dr 
Bates’ thoughts about safety are unfounded. 

Dr Bates is concerned about the relzbility of OPG-Gee 
results in GCA prior to visual loss. Our article states 
explicitly that we have not evaluated this clinical circum- 
stance, and we do not suggest that OPG-Gee testing be used 
for the purpose of diagnosing GCA unless a CRAO or AION 
is present. 

Dr Bates also questions the usefulness of OPG-Gee test- 
ing. He states, “Once the probable diagnosis of GCA is 
made, the prudent physician arranges for an expedient 
temporal artery biopsy and begins corficosteroid therapy.” 
This is true, and our article addresses the issue of how the 
diagnosis of probable GCA is reached In general, we find 
OPG-Gee results useful in the same way that systemic 
symptoms and the erythrocyte sedimentation rate are use- 
ful in the evaluation of patients with possible GCA. It is 
quite common that systemic symptoms and the erythrocyte 
sedimentation rate yield ambiguous or conflicting diagnos- 
tic information, and OPG-Gee testing supplies additional 
data about the possibility of GCA tha. we have found very 
useful indeed in deciding who should receive a temporal ar- 
tery biopsy. 

THeMAS M. BosLEY, MD 
Ph-ladelphia, Pa 
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Ir DIABETES IS A 
DISEASE YOU CAN 
LIVE WITH, 


WHY DID 150,000 
DIE LAST YEAR? 


Since 1 out of every 20 people has diabetes, you prob- 
ably know someone who lives with it. 

But what you probably don’t know is what it’s like to 
deal with diabetes: to have to stick to a diet every single 
day; to constantly monitor your blood sugar level; or to 
take insulin injections several times daily. 

And you probably didn’t know that diabetes can lead 
to other diseases, like heart disease, kidney disease and 
blindness. 

Or, that every year 150,000 die. 

Help us find a cure for diabetes. Before you know 
someone who dies from it. 















Support the Research of the Amodcan 
erican Diabetes Association „Association. 
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Cure of Paecilomyces 
Endophthalmitis With Multiple 
intravitreal Injections of 
Amphotericin B 





To the Editor.—Paecilomyces lilaci- 
nus is a highly pathogenic fungus 
within the eye, and its in vitro sensi- 
tivity to amphotericin B is low.'* Cure 
of endophthalmitis due to this organ- 
ism has been reported after the use 
of intravitreal antimycotic therapy.' 
However, two of three patients with P 
lilacinus keratitis treated by penetrat- 
ing keratoplasty developed intractible 
endophthalmitits postoperatively and 
failed to respond to multiple vitrecto- 
mies and multiple intraocular injec- 
tions of miconazole. 

We report a case of exogenous P li- 
lacinus endephthalmitis that was suc- 
cessfully treated after the third recur- 
rence by 11 intravitreal injections of 10 
ug of amphotericin B over 14 days. 


Report of a Case.—A 43-year-old farmer 
developed fungal keratitis after injuring 
his right eye. Despite administration of 
topical natamycin and miconazole, the in- 
fection worsened, and a therapeutic pene- 
trating keratoplasty was performed on 
March 27, 1981. Septate fungal hyphae were 
noted in the deep corneal stroma of the 
keratoplasty specimen. Paecilomyces li- 
lacinus was subsequently isolated from 
part of this specimen by our reference lab- 
oratory. 

Ten weeks later the patient presented 
with endophthalmitis. On June 24, trans 
pars plana vitrectomy and lensectomy were 
performed, and 5 ag of amphotericin B was 
injected intravitreally. Paecilomyces li- 
lacinus was cultured from the vitreous 
specimen. The ocular inflammation less- 
ened, but there was a recurrence of vitreous 
cellular activity and corneal edema 3 weeks 
later despite the prier commencement of 
intravenous miconazole and oral flucy- 
tosine therapy on June 30. On July 20, 7 ug 
of amphotericin B was injected intravit- 
really after 2 sample of vitreous fluid was 
taken for culture. Paecilomyces lilacinus 
was again eultured from the intraocular 
aspirate. 

On July 21 intravenous miconazole ther- 
apy was stopped because of severe itching, 
and intravenous amphotericin B therapy 
was begun. Over the next 3 days the cornea 
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cleared, the anterior chamber improved, 
and a view of the retina became possible. On 
July 30, after a total dose of 426 mg, intra- 
venous amphotericin B therapy had to be 
discontinued due to systemic toxicity. On 
July 31 an additional 10 ug of amphotericin 
was given intravitreally, and this was re- 
peated on August 7. Specimens for culture 
were not taken on these two occasions. At 
discharge from the hospital on August 9, 
there was no anterior uveitis, and visual 
acuity was 20/200. 

On September 3 the patient was readmit- 
ted with a third recurrence of endoph- 
thalmitis. He requested enucleation be- 
cause of severe pain, his previous prolonged 
hospitalization, and loss of time from work. 
As a last resort, and in an attempt to 
salvage the globe, 11 10-ug injections of 
amphotericin B were given intravitreally 
over the next 14 days. No intraocular aspi- 
rate was sent for culture on these occasions. 
The amphotericin B was freshly prepared 
on each occasion from an unopened vial 
(Fungizone Intravenous [Squibb]). There 
was a rapid decrease in pain and inflam- 
mation, and the patient was discharged 
from the hospital on September 18. There 
were no further recurrences of infection. 

In February 1982 a fluorescein angiogram 
showed cystoid macular edema, and the 
best corrected visual acuity was only 20/ 
200. By August 1983 this had improved to 
20/40, and, at the time of this writing, it has 
remained at this level. Scotopic and photo- 
pic electroretinograms obtained in Febru- 
ary 1982 and April 1987 showed normal 
amplitude responses. There was no angio- 
graphic evidence of cystoid macular edema 
in 1987. The fundus appeared normal. 


Comment.—Given the relative resis- 
tance of P lilacinus to amphotericin B, 
one might argue that miconazole 
would have been the optimal agent to 
use in this case. There was, however, 
little reported experience of its intra- 
vitreal use at the time, and we did not 
consider using it. 

The safety of intravitreal ampho- 
tericin B has been the subject of dis- 
pute. From animal studies and subse- 
quent clinical experience, single intra- 
vitreal injections up to 10 ug would 
seem to be unassociated with retinal 
toxicity in humans. Single injections 
have been successfully used to treat 
Candida endophthalmitis. There have 
been a number of reports of cure of 
fungal endophthalmitis following 


multiple vitrectomies and two or more 
amphotericin B injections spaced 2 to 
7 days apart. The optimal spacing of 
multiple injections is not established. 
Doft et al’ have studied the ocular 
clearance of amphotericin B after in- 
travitreal injection in rabbits. The 
half-life of drug disappearance was 
most rapid (1.4 days) in eyes that had 
undergone lensectomy and vitrectomy. 
Doft et al postuleted that vitrectomy 
allows more rapid diffusion of ampho- 
tericin B from the eye by removing 
vitreous protein that would normally 
bind the drug. Fears that vitrectomy 
might increase the risk of amphoteri- 
cin B toxicity may therefore be unwar- 
ranted. 

From the studies of Doft et al,’ one 
might postulate that in this case the 
frequently injected amphotericin was 
cleared rapidly from the eye so that 
there was no increase in drug concen- 
tration to toxic levels. 

One or two injections of 5 to 10 ug of 
amphotericin are usually sufficient to 
treat fungal endophthalmitis. It would 
seem that in the eye that has under- 
gone lensectomy and vitrectomy, in 
special clinical circumstances, further 
injections may be given without nec- 
essarily causing retimal toxicity. 

MICHAEL J. Minocve, FRACO, 
FRACS 

T. JUSTIN PLAYPAIR, FRACO, FRACS 

JOHN C. GREGORY-ROBERTS, FRACO, 
FRACS 

Lyon P. ROBINSON, FRACO, FRACS 

Sydney, Australia 


The authors have ne commercial or proprietary 
interest in any of the drugs mentioned in this 
study. 
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Guillain-Barré Syndrome 
Presenting as a Paralysis of 
Accommodation 





To the Editor.—We report a case of a 
young child with an eventually con- 
firmed diagnosis of Guillain-Barré 
syndrome, who presented with paraly- 
sis of accommodation as the initial 
finding, 


Report of a Case.—Our patient was a 
7-year-old boy who presented to his pedia- 
trician with the complaint of blurred vision 
and headache over a 3-day period. The pa- 
tient was referred to an ophthalmologist 
because of his visual complaints. 

On examination, the child was found to 
have 20/60 visual acuity OU at distance and 
near visual acuity of J16. The near point of 
accommodation was appreciably length- 
ened and was not measured quantitatively 
because of severe blurring. Manifest refrac- 
tion based on undilated retinoscopy showed 
an equivalent result to the cycloplegic reti- 
noscopy +2.00 OD and +1.50 + .50 x 90 OS. 
This correction improved the patient’s dis- 
tance visual acuity to 20/20 in both the cy- 
cloplegic and noncycloplegic states. An ad- 
dition of +3.00 diopters of sphere also 
improved the patient’s near visual acuity to 
Jl. These facts were strong evidence that 
the patient was depleted of his accommo- 
dative reserves. 

The patient’s extraocular muscle move- 
ments were full and he was orthophoric. 
The results of the anterior segment exam- 
ination were normal. The pupils were care- 
fully tested and found to be equal and 
briskly responsive to both light and at- 
tempted accommodation. Dilated fundu- 
scopic examination revealed a normal disc, 
macula, and vessels in each eye. 

Our impression at examination was that 
the patient had a paralysis of accommoda- 
tion. In the office the child was noted to be 
dragging his feet while walking. Three days 
after the ophthalmological evaluation the 
patient was admitted to the pediatric/neu- 
rology service due to an inability to walk. 

The physical examination on admission 
revealed nearly extinguished deep tendon 
reflexes in the lower extremities. The pa- 
tients ocular findings were unchanged 
from his previous office examination. There 
was a paralysis of accommodation with no 
involvement of either the pupils, extraocu- 
lar muscles, or optic nerve. A magnetic res- 
onance imaging scan of the brain was per- 
formed and the results were normal. A 
lumbar puncture was performed revealing 
an elevated total protein level of 1380 g/L 
(normal levels, 150 to 450g/L). The results 
of all other laboratory tests were unre- 
markable. 

The child’s symptoms and laboratory 
tests were compatible with the diagnosis of 
Guillain-Barré syndrome. His accommoda- 
tive problems gradually began to diminish 
some 2 weeks after his initial presenta- 
tion. By 3 weeks his visual acuity was 
20/20 at distance and J1+ at near, without 
correction. His lower-extremity paralysis 
also improved, and by 5 weeks the child was 
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able to ascend a flight of stairs without as- 
sistance. 


Comment. — Guillain - Barré syn- 
drome, also known as acute idiopathic 
polyneuritis, is a neurological entity of 
obscure etiology. It represents a re- 
versible paralytic disease that usually 
starts with complaints of symmetric 
bilateral weakness of the lower ex- 
tremities that evolve into an ascending 
type of paralysis. 

It has long been known that Guil- 
lain-Barré syndrome can be associated 
with involvement of the extraocular 
muscles or internuclear ophthal- 
moplegia.' The bulbar variant, or 
Fisher’s syndrome, is characterized by 
a rapidly progressive ophthalmople- 
gia, ataxia, and areflexia. Our case is 
unusual in that an accommodative dis- 
order occurred without any involve- 
ment of the extraocular muscles, optic 
nerve, or pupils. In de Morsier’s? 1973 
study of 40 patients with Guillain- 
Barré syndrome, only 1 patient had 
paralysis of accommodation as one of 
the findings. In our case, paralysis of 
accommodation was the presenting 
symptom before the appearance of an 
ascending paralysis. 

Dynamic insufficiencies of accom- 
modation have been found in children 
with various systemic diseases or non- 
specific viral illnesses.’ These cases 
have characteristically not been well 
documented and may represent only a 
partial insufficiency in accommodation 
with minimal blurring. We feel that 
our patient’s significant accommoda- 
tive paralysis represents another un- 
usual variant of a syndrome that is not 
well understood. 

PATRICK A. DERESPINIS, MD 
JAMES J. SHEN, MD 
RUDOLPH S. WAGNER, MD 
Newark, NJ 
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Aminoglycoside Macular 
Toxicity After Subconjunctival 
Injection 





To the Editor.—Aminoglycoside anti- 
biotics are routinely injected subcon- 
junctivally at the conclusion of routine 
cataract extraction by many cataract 
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surgeons. Both tobramycin sulfate and 
gentamicin sulfate are highly effective 
against Staphylococcus species and a 
broad range of gram-negative patho- - 
gens, especially Pseudomonas species.’ 
However, irreversible rapid retinal 
toxicity may occur if these drugs enter 
the eye. 


Report of a Case.—A 58-year-old woman 
underwent routine extracapsular cataract 
extraction with posterior chamber intraoc- 
ular lens implantation in her left eye. A 
4-mL retrobulbar injection of equal 
amounts of 1% xylocaine with epinephrine 
and 0.75% marcaine and 0.5 mL of hyalu- 
ronidase was given preoperatively. The pro- 
cedure was uneventful and the posterior 
capsule was noted to be intact. At the con- 
clusion of the procedure, 20 mg of tobramy- 
cin was injected subconjunctivally within 
the superior fornix-based conjunctival flap, 
thereby ballooning the flap over the corneo- 
scleral wound. 

On the first postoperative day, a good red 
reflex was noted at the bedside, and the pa- 
tient’s visual acuity was finger counting at 
5 ft. The patient was discharged and re- 
turned to the office for follow-up 1 week 
later. 

On examination, her best visual acuity 
was noted to be finger counting at 1 ft in the 
left eye. The anterior segment was normal 
with an intact corneoscleral wound, a clear 
anterior chamber, a centered posterior 
chamber intraocular lens implant, a clear 
posterior capsule, and an intraocular pres- 
sure of 15 mm Hg. 

However, examination of the dilated fun- 
dus revealed a whitish macular infarction 
with a foveal cherry-red spot and scattered 
intraretinal hemorrhage surrounding the 
circular zone of ischemia in the posterior 
pole (Fig 1). The vitreous, optic nerve, and 
peripheral retina were completely normal 
without signs of intraocular needle pene- 
tration. 

The results of a fluorescein angiogram 
revealed a sharp oval zone of absolute ret- 
inal vascular obliteration, corresponding to 
the borders of clinical ischemia. Dye leak- 
age along the course of the temporal vascu- 
lar arcades (both arterial and venous) was 
seen as the study progressed, and the mac- 
ula remained completely nonperfused in 
the late stages of the study (Fig 2). The pa- 
tient was seen 2 weeks later and her visual 
acuity had decreased to hand motions. The 
macula was grossly unchanged except for 
partial reabsorption of the intraretinal 
hemorrhage. 


Comment.—Histopathological stud- 
ies have shown in vivo (Dutch-belted 
rabbits) evidence of retinal pigment 
epithelial - photoreceptor - outer seg- 
ment complex toxicity after intravit- 
real doses of 400 ug of gentamicin and 
800 ug of tobramycin within 3 days.” 
Light- and electron-microscopic obser- 
vations include storage lysosome- 
laden macrophages in the subretinal 
space, disorganization of the photore- 
ceptor outer segments with preserva- 
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Fig 1. Top—Whitish macular infarction with in- 
traretinal hemorrhage in the left eye 1 week af- 
ter cataract surgery. 


tion of the inner segments, focal ne- 
crosis, and loss of basal enfoldings of 
the retinal pigment epithelium and 
late gliotic scar formation. Higher 
doses cause inner retinal destruction 
as well. 

One case of confirmed retinal toxic- 
ity after inadvertent intraocular injec- 
tion of 20 mg of tobramycin following 
cataract extraction has been reported.’ 
However, the case reported here is the 
first case to my knowledge of docu- 
mented tobramycin-induced retinal 
toxicity unassociated with direct in- 
travitreal injection. In this case, there 
was absolutely no evidence of intraoc- 
ular needle penetration. It is possible 
that some of the drug gained access 
through the corneoscleral wound by 
“seepage” once the ballooned fornix- 
based flap came into contact with it. 
Despite the intact pesterior capsule 
and hyaloid face, dependent supine 
postoperative positioning could have 
led to the accumulation of the drug in 
the posterior pole onee it entered the 
eye. There is no clinical or angio- 
graphic evidence to support an idio- 
pathic cilioretinal artery occlusion and 
there was no direct damage from the 
retrobulbar anesthetic injection itself 
in this case. 

All attempts should be made by cat- 
aract surgeons to inject aminoglyco- 
side antibiotics well away from the 
corneoscleral wound to avoid this po- 
tentially disastrous complication. 

PETER H. Jupson, MD 
Hartford, Conn 
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Fig 2. Bottom—Early ver ous-phase angio- 
gram showing sharp border of nonperfusion in 
macula. Vascular leakage issnoted along infer- 
otemporal arcade. 
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Expenditure Targets Not Included in Energy 


and Commerce Committee’s Physician 


Payment Reform Proposal 


Washington, DC—The House Energy and Commerce 
Committee’s Medicare Part B physician payment reform 
proposal was approved without expenditure targets 
(ETs).! ETs are physician payment allocations calculated 
by a congressional committee. If the ET for the total 
amount of money allocated to pay physicians is exceeded, 
the allocation would be reduced the following year. ETs had 
been the American Medical Association’s major objection 
to the House Ways and Means Committee reform proposal 
(AM News, July 14, 1989, p 1). The Energy and Commerce 
proposal, approved on July 13 by the full committee, would 
establish a new Medicare fee schedule based on another 
controversial issue for the AMA, the Harvard Resource- 
Based Relative Value Scale (RBRVS). 

Under the proposal, physician fees would be frozen for the 
first quarter of 1990, saving the government an estimated 
$705 million. In the first year, the 1989 prevailing charge 
ceiling for about 50 procedures would be raised or lowered 
by one fifth the difference between the current prevailing 
charge and the expected RBRVS fee schedule rate. Remain- 
ing procedures would be adjusted in a similar fashion the 
following year. The difference between the rates would be 
further reduced in each of the next 3 years, with full imple- 
mentation completed in 1993 (AM News, July 28, 1989, p 1). 

Although the Energy and Commerce Committee’s reform 
package does not contain ETs, it does make provisions for 
Medicare fee hikes to be reduced if physicians circumvent 
the new plan by increasing the volume of services. 

Physician payment reforms have been brought about by 
the rapidly increasing Medicare spending for physicians’ 
services. Louis Sullivan, secretary of Health and Human 
Services, has stated that “the imposition of prospective 


Michael D. Springer, 
Section Editor 


1284 Arch Ophthalmol—Vol 107, September 1989 


pricing has eased the ‘inflationary spiral’ in hospital pay- 
ments, while Medicare payments to physicians have ‘con- 
tinued to spiral out of control’ at ‘compounded annual rates 
of 16%.’” But, new Treasury Department data suggest that 
Medicare Part B rises in spending may be slowing down. In 
the first three quarters of 1989, payments for physicians and 
other Part B services rose by 7.83%, Part B administrative 
costs rose by almost 15%, and payments for hospital care 
rose by 9.3%. 


According to Treasury numbers, Part B payments over 
the past 9 months have risen less rapidly than either the 
program’s administrative costs or the payments it makes to 
hospitals and other Part A providers. 

Sullivan’s figure of 16% stands in sharp contrast to data 
highlighted in the August 2 Washington Post advertisement 
by the AMA that indicate that 1988 payments for physi- 
cians and other Medicare Part B services rose by only 5.4%. 
AM News reports that most analysts expect the final infla- 
tion figure to be about 8%, taking into consideration delib- 
erate and not-so-deliberate payment lags (AM News, Au- 
gust 11, 1989, p 1). The AMA has sent letters to legislators 
asking them to base physician reforms and budget decisions 
on the most recent information available. 

Ophthalmic services constitute a relatively large portion 
of total fees charged to Medicare for surgical procedures. 
Ophthalmic surgery accounts for 18.7% of the $9.4 billion 
of all total charges submitted to Medicare in 1985.3 

Both reform packages must meet House approval. The 
Senate Finance Committee, the other panel overseeing 
Medicare, has not yet begun to review physician payment 
reforms. Thus, the final version of Medicare reform legisla- 
tion is far from finished. 

JULIE FOREMAN 
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In Focus 





Book Reviews 





> Oculoplastic, Orbital and Recon- 
structive Surgery, Volume I: Eyelids, 
edited by Albert Hornblass, 717 pp, Bal- 
timore, Md, Williams & Wilkins, 1988, 
$127. 


Ophthalmic plastic and reconstruc- 
tive surgery represents one of the 
most rapidly evolving ophthalmic 
subspecialties, with a recent profusion 
of relevant articles in general oph- 
. thalmie publications, and the publica- 
tion of several textbooks of oculoplas- 

tic surgical technique. What has been 
g until recently, however, is a 
organized and comprehensive 








-o textbook sarmmarizing state-of-the- 


< Bt. eoncepts in the diagnosis and 
~ Management of oculoplastic and 


2 orbital disorders. Dr Hornblass has 
~~ made a major contribution to the field 


e of ophthalmic plastic surgery in this 





- regard with the publication of Volume 
` Lof Oculoplastic, Orbital and Recon- 
structive Surgery. 


“What has been lacking...is a 
well-organized and comprehen- 
sive textbook summarizing state- 
of-the-art ceneepts...” 


Volume I of this two-volume set is 
dedicated to disorders of the eyelids. 
It consists of nine sections comprising 
"6 chapters. It was prepared by 92 
contributors drawn from the special- 
ties of ophthalmology, ophthalmic 
plastic surgery, dermatology, patholo- 
gy, psychiatry, otolaryngology, and 
general plastic surgery. 

The book begins with an introducto- 
ry diseussion of eyelid and eyebrow 
anatomy and anesthesia in oculoplas- 
tie surgery. Mention of eyelid function 


~ js often neglected in texts in the field, 


‘and the chapter on eyelid physiology 
is a welcome addition in this text. The 
-ehapter on general surgical principles 
will be useful for residents and fel- 
Jows-in-training, and the discussion of 
psychologiea! and medicolegal aspects 
of ophthalmic plastic surgery will be 


oo -yaluable to practitioners at all levels 


of training or practice. 

The book continues with a section 
on congenital and developmental dis- 
orders of the eyelids. Katowitz pro- 
-vides a helpful discussion of the surgi- 


eal management of eyelid colobomas, 
= and Kohn centributes a comprehen- 
give review ef various congenital and 


i „developmental anomalies of the eyelid 
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and socket. These range from the com- 
monplace (dermoid cysts) to the eso- 
teric (ankyloblepharon fillforme ad- 
natum). In a separate chapter on con- 
genital ptosis, Dr Crowell Beard sum- 
marizes and augments the relevant 
material from his own classic text- 
book in this field. 

The sections that follow are dedi- 
cated to benign and neoplastic disor- 
ders of the eyelid. Particularly note- 
worthy in the latter section is the 
discussion of pigmented eyelid lesions 
by Folberg and associates. Subsequent 
sections pertain to the evaluation and 
management of various eyelid malpo- 
sitions and eyelid trauma. The section 
on trauma contains two chapters on 
the management of eyelid burns, 
which offers an interesting juxtaposi- 
tion of ophthalmic plastic and general 
plastic surgical approaches to these 
challenging clinical problems. Con- 
cluding this encyclopedic volume are 
sections on eyelid reconstruction and 
cosmetic eyelid surgery written by 
established authorities in these 
areas. 

I have few criticisms of this text 
and they are largely limited to those 
generally associated with multiau- 
thored texts. The reader may be con- 
fused by occasional idiosyncrasies of 
organization, such as the inclusion of 
material on chalazia and trichiasis in 
the chapter on reconstruction of mod- 
erate defects of the upper eyelid. In 
addition, redundancy and occasional 
eontradictions are found in the dis- 
cussion of several topics and in the 
therapeutic recommendations noted 
therein. 

One might disagree, for example, 
with the recommendation of systemic 
steroid therapy and cryosurgery for 
capillary hemangioma of the eyelid 
offered in the chapter on benign eye- 
lid lesions. Most, however, would con- 
cur with Kushner’s recommendation 
for intralesional steroid therapy in 
his excellent review of this disorder 
later in the text. Finally, the quality 
of the clinical and histopathologic 
photographs, although generally 
good, is somewhat uneven. Line draw- 
ings and diagrams, however, are 
abundant and are used to good advan- 
tage in the description of surgical 
techniques. 

The above criticisms are minor and 
do not detract from the value of this 
remarkable text. The ophthalmologist 


in training and in practice will benefit | 
from the authors” accumulated wis- 


dom concerning eommonly encoun- | 


tered oculoplastic diserders. Theoph- . 
thalmic plastic surgeon will savor the 

detailed discussions ef a variety of — 
more specialized tepics, including the — 
tarsal kink syndrome,-euryblepharon, ` 
xeroderma pigmentosum, the basal - 
cell nevus syndrome, lipid storage dis- — 
eases of the eyelids, eyebrow recon- — 
struction, madaresis: and poliosis, _ 
telecanthus, the upper eyelid crease, — 
blepharoplasty in tke Oriental pa- | 
tient, Mohs’ chemosurgery, and the | 





use of palpebral sprimgs in the man- . ee 


agement of lagophthaimos. 
The reader will awa 












ond volume of Ocul 
and Reconstructive Surgery. =< 
Joes J. Wooc, MD 


Diseases of the Orbit: A Multidisci- 
plinary Approach, dy Jack Rotman, 612 
pp, with illus, Philadelphia, Pa, JB Lippin- 
cott, 1988, $115. 


With the advent of modern tech- 
niques, such as orbital ultrasound and 
computed tomographic scanning, and- 
through the diligent: work of many 
clinical investigators. the field of or- 
bital disease has changed appreciably 
in the past few decades. Interest in the 


diagnosis and management of orbital | 


disorders continues tc grow. However, 
many of the textbooks eurrently used 
in the field are out-of date and even out 
of print. Furthermore, many reference 
works are limited in scope, often cov- 
ering only select topics. Dr Rootman. 
has created a comprehensive text that = 
nicely fills this void. | ss 


The book is divided into four major. a 
sections covering anatomy, patho- = 
physiology, specific entities, and or- a 


bital surgery. Part | begins with a 
complete and effeetive review of clini- 


cally relevant orbital anatomy. Clini- 
cal examples are provided to reinforce 
anatomic principes. The chapter on 
descriptive anatomy is followed by an 
rtinent orbital 
point of an or- 
bital surgeon. The illustrations in the 
initial two chapters provide a handy 
anatomical reference that can be eas- 
ily referred to when studying disease 


atlas that displays p 
anatomy from the vie 





atlas are of excelle 
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ait with greate 
anticipation a similar review of orbit- — pa 
al and lacrimal disorders in the sec- 

plastic, Orbital 









onelu des with a chapter on investiga- 


five anatomy in which the various im- 
i ques employed in the di- 
gi bital disease are reviewed. 
/omputed tomography remains a pri- 
lary imaging modality, and appropri- 
ate emphasis is given to this topic. 
Plain film roentgenography, vascular 
studies, dacryocystography, and mag- 
netic resonance imaging are also dis- 
ussed. 





























_. “In addition to being a scientific 
treatise on orbital disease, the 
book maintains a practical 
slant...” 
Part 2 stresses pathophysiologic 
concepts. The first two chapters de- 
scribe how the manifestations of or- 
bital disease are determined by spe- 
cific pathologic processes as well as 
- anatomic location in the orbit. Subse- 
= quent chapters build on these princi- 
< ples, and a rational approach to the 
patient with orbital disease is pre- 
sented. A detailed history and physical 
examination, selection of appropri- 
ate laboratory investigations, and 
-. thoughtful problem formulation are 
_ -stressed as key steps in the successful 
Management of orbital disease. The 
_- Section concludes with an analysis of 
the authors’ extensive series of clinical 
eases, which is one of the largest in 
= the world literature. Clinical, radio- 
graphic, and pathologic findings useful 
in the differential diagnosis of orbital 
diseases are included. 
Part 3, the largest section of the 
_ book, deals with the entire spectrum of 
-orbital disease. The many inflamma- 
tory, neoplastic, structural, vascular, 
and degenerative lesions that can oc- 
cur in the orbit are described. Each 
-entity is covered, with an emphasis on 
clinical findings, pathophysiology, di- 
gnosis, and management. Many of the 
uthors’ actual cases are presented to 
amplify the key points in the text. An 
especially strong point of the book is 
he in-depth discussion of the patho- 
logic features of each topic. 
_. The fourth and last major portion of 
the book is devoted to the management 
























of orbital disease, and specifically sur- 
gery of the orbit. General surgical 
principles and instrumentation are 
presented along with standard surgi- 
cal approaches to the orbit. Other tech- 
niques, such as needle biopsy, endo- 
scopy, and reconstructive surgery, are 
also briefly discussed. 

- My overall impression is that this is 


: ease. As well as. being very informa- 
_ tive, the book is also readable. Figures 


ies in later chapters, The section 


Jan excellent textbook on orbital dis- 











and illustrations are used generously 


and are of excellent quality. Although 
there are many contributing authors, 
the book retains a cohesive single-au- 
thored style throughout. In addition to 
being a scientific treatise on orbital 
disease, the book maintains a practical 
slant with an emphasis on pathophys- 
iology, diagnosis, and management of 
clinical problems that should be of 
great value to the practicing physician. 
This book will be a valuable reference 
for all physicians who have an interest 
in diseases of the orbit. 

NEAL SNEBOLD, MD 

Boston, Mass 


Dermatologic Surgery: Principles 
and Practice, edited by Randall K. Roe- 
nigk and Henry H. Roenigk, Jr, 1472 pp, 
with illus, New York, NY, Marcel Dekker 
Inc, 1989, $150. 


Dermatologic Surgery: Principles 
and Practice is a very comprehensive 
text covering essentially every aspect 
of dermatologic surgery. Virtually all 
areas of surgical applications of der- 
matology are covered in this compen- 
dium of 69 chapters written by 78 
authors. 

The text is divided into numerous 
divisions: basic surgical principles, 
standard and advanced dermatologic 
procedures, regional dermatologic 
surgery, surgical treatment of skin 
diseases, Mohs’ micrographic and der- 
matologic laser surgery, and cosmetic 
and reconstructive dermatologic sur- 
gery. 


P S ENE E 
“...not of relevance to most 
ophthalmologists.” 
RE cae 
There are a number of chapters in 
the book that have potential applica- 
tion to the ophthalmologist, including 
the chapter on the eyelid by Drs June 
K. Robinson and David D. Picascia. 
Unfortunately, their discussion is not 
detailed enough to be of help to most 
ophthalmologists as they approach 
oculoplastic surgery. Other chapters 
of importance to ophthalmologists 
include those detailing basal cell and 
squamous cell carcinoma treatment 
and therapy for malignant melanoma, 
and the section on Mohs’ micrograph- 
ic surgery. The chapter on the applica- 
tion of new laser therapy in skin 
disorders is relatively well written 
and of relevance to ophthalmologists 
as well. Lastly, a number of newer 
areas in reconstructive surgery, 
including dermabrasion, chemical 
peels, blepharoplasty and brow lift- 
ing, autologous fat transplantation, 


and face lift surgery, may well be of 
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interest to ophthalmologists who per-. 
form plastic surgery as a subspecialty. 
interest. There is some duplication of | 
information within the book, as. is. 
often seen when so many author con- 
tributors are involved; however, this ‘ 
does not detract significantly from 
the overall content of the text. a 
Although I must commend the. 
authors of Dermatologic Surgery for a 
complete and comprehensive ape. 
proach to this area of medicine, I- 
believe that the text is not of rele- 
vance to most ophthalmologists. It is 
more geared for plastic and cosmetic 
surgeons, otolaryngologists, and der- 
matologists, and perhaps also to the 
ophthalmologist who has a special 
interest in facial plastic surgery, espe- 
cially in some of the newer techniques 
in facial reconstraction that have 
been developed in the past 10 to 15 
years. It would, however, make a good 
library reference beok for those phy- 
siclans who do have an interest in 
facial plastic surgieal principles and 
treatments. 
DANIEL TOWNSEND, MD 
Bosten, Mass 


Work, Aging, and Vision: Report of 
a Conference, Work Group on Aging 
Workers and Visual Impairment, Commit- 
tee on Vision, Commission on Behavior 
and Social Sciences and Education, Na- 
tional Research Council, 75 pp, Washing- 
ton, DC, National Academy Press, 1987, 
$11.50. 


The number of middle-aged workers 
is rising. The number of Americans 65 
years of age and older will double to 50 
million in the next 25 years. With these 
demographic changes in the US labor 
force, Work, Aging, and Vision: Repert 
of a Conference is a timely and rele- 
vant publication. 

The aging of the haman eye and the 
resulting changes in visual perfor- 
mance will, for some individuals, have 
an effect on job performance. A project 
of the National Academy of Science’s 
Research Council and Committee on 
Vision, Work, Aging and Vision: Re- 
port af a Conference reviews what is 
known about changing visual func- 
tions related to work performance and 
recommends steps te take to address 
changing visual needs. 

Brief and to the point, this report is 
based on the conference papers and 
discussions of 28 specialists drawn 
from the fields of gerontology, econom- 
ics, sociology, statistics, psychology, 


political science, optometry, opthal- 


mology, engineering, and physiology. 
Published in 1987 by the National 
Academy Press, this report is conve- 
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ganizet into ines ‘pata, to- 
pages. Tle first part discusses 
lems: of age-related visual 
and ways to sustain and en- 
bra a of older work- 


the conferees propose 








ae: to "bring about the rec- 
ended sclut.ons. An annotated 
ography iz tae appendix provides 
7 troduction % the diverse litera- 
ture on aging an vision. 
: is report recammends that “many 
oyers sheule become more inter- 
the rele of vision screening, 
ement, and environmental de- 
sus ai wng the productivity 
“lity of workers.” How- 
: ey ‘areas must be ad- 
before əmployers have the 
means to introduce programs that 
“take inte accourt age-related visual 
.. changes. 











 * reviews what is known 
< about- changing visual func- 
‘tions related to work perfor- 


. mance kee 





First, vision research needs to gen- 
oe erate information clearly demonstrat- 
ing the connection between age-re- 
lated visual charges in contrast sensi- 
tivity, edlor vision, and acuity and job 
performance. Wth most existing re- 
C gearch on age-related visual changes 
in individuals. ower age 65 years, we 
need to study visual changes in indi- 
“> viduals under S5years of age. Second, 
studies meed to establish whether vi- 
sion screening tests currently in use 
detect age-reiatel visual changes that 
are job relevant. Third, studies need to 
= explore the effectiveness of job place- 
~ ment programs yased on visual capa- 
bility. Lastly, in ormation needs to be 
ae developed om weys to make the work 
ivirenment mere responsive to the 
r worker's v sual needs. 
‘ork, Aging, and Vision concludes 
mefirms have done much 
meet the vision needs of their work- 
-s, much mare is yet to be done. To 
ake it possible for workers to main- 
tain productisitr in spite of changes in 
vision that occur with age, scientists 
and manufactusers are called on to 
3 work together. 
Well written, Work, Aging, and Vi- 
Ste Fe Conference is recom- 
mended readin for ophthalmologists 
inter sted in the application of visual 
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= to the s eyabn ey. of older 


The following is a list of books re- 
viewed during the past 6 months that 
were considered to be imporiant con- 
tributions to the ophthalmic literature. 
They are arranged in the order that the 
reviews appeared. 


Manual of Common Ophthalmic Sur- 
gical Procedures, edited by Charles D. 
Phelps and Hansjoerg E. Koider, 189 
pp, with illus, New York, NY, Churchill Liv- 
ingstone Inc, 1986, $39.50. 


“The coverage is sufficient to 
serve as a starting point or as a 
refresher.” 


The Retina: An Approachable Part 
of the Brain, by John E. Dowling, 281 pp, 
with illus, Cambridge, Mass, Belknap 
Press, 1987, $37.50. 


“An excellent record of the dy- 
namic state of retinology.” 


Advances in Ophthalmic Plastic and 
Reconstructive Surgery, History, and 
Tradition, vol 5, edited by Stephen L. 
Bosniak, 463 pp, with illus, Elmsford, NY, 
Pergamon Press Inc, 1986, $91. 

“Historical vignettes and 
quotes are plentiful and intrigu- 
ing.” 

Management of Ocular, Orbital and 
Adnexal Trauma, edited by Thomas C. 
Spoor and Frank Nesi, 459 pp, with illus, 
New York, NY, Raven Press, 1987, 
$88.50. 


“An aesthetically pleasing and 
well-organized format.” 


Eye, Brain, and Vision, by David H. 
Hubel, 240 pp, New York, NY, Scientific 
American Library, distributed by San 
Francisco, Calif, WH Freeman & Co Pub- 
lishers, 1988, $32.95. 


“It describes the journey and 
not just the destination.” 


Cataract Epidemiology edited by K. 
Sasaki, O. Hockwin, M. C. Leske, vol 15 
of Developments in Ophthalmology, 
edited by W. Straub, 106 pp, with illus, 
New York, NY, S Karger AG, 1987, 
$58.75. 

“Reflects the research and opin- 
ions of investigators from 14 coun- 
tries.” 


Eye Injuries: An Illustrated Guide, by 
Elizabeth M. Eagling and Michael J. Rop- 
er-Hall, 183 pp, with illus, Philadelphia, 
Pa, JB Lippincott, 1986, $69.50. 


“Physicians: at any level will 
appreciate its broad scope and 
clear presentation.” 


-the most commenly utilized. oph- 
< thalmic surgical m 


Clinical: Ophthal oloy: A Text 


ley Bankes, New. Yor 
Churchill Livingstone Inc, 1987, ‘$i 


A short yet well ; n j andei EUN 
view of the specialty.” 


The National Advisory Eye Counci 
Vision Research: A National Plan 1987 ; 
Evaluation and Update, 354 pp, Be 
thesda, Md, US Dept ef Health and Human | 
Services, Public Heath Service, National 5 
institutes of Health, wee. 


“An exceeding-y me pic- 2 
ture of current v-sien research in 
the United States.” 


Atlas of Ophthalmic: Surgery, P 
ume Il: Cornea, Glaucoma, Lens, ed- 
ited by Douglas Kockand George Spaeth, z 
268 pp, with illus, New York, NY Thieme- D 
Stratton Inc, 1987, $137.95 He 


“The drawings alone make ‘his i 
book worthwhile.” ; 





Neuro-Ophthalmology: A Problem- 
Oriented Approach, by Roy W. Beck = 
and Craig H. Smith. 264 pp, with illus, 
Boston, Mass, Little Brown & Co Inc, Be 
1987, $39.50. 


“The beauty of this book is s its a 
simplicity.” 


Manual of Clinical Problems in Oph- eee 
thalmology, by Joan W. Gittinger. and =. 
George K. Asdourien, 218 pp, Boston, : 
Mass, Little Brown & Co Inc, 1988, $21. : 

“A starting point for a more. 
definitive review of a selected sub- | 
ject.” 


Surgery, and 
Contact Lens ada of the — 
New Orleans Acadamy of Ophthaimol-. 
ogy), by Delmar R. Caldwell, 336 pp, New : 
York, NY, Raven Press, 1987, $79. ; 
“Emphasizes some particular 
areas of interest and controver- = 
sy. ee 


Walsh and Hoyt’s Clinical Nauro 
Ophthalmology, 4t ec, vol 3, by Neil R.: 
Miller, 1870 pp, with illus, Baltimore, MD, - 


Williams & Wilkins, 1983, $102. — 
“Volume 3 is tae most complete, __ 

the most usefu., and the most 

readable.” J 





















Surgery of the Eye, vols 1 and 2, ed- | 
ited by Stephen Waltman, Richard | 
Keates, Creig Hoyt, et al, 1111 pp, New. 
York, NY, Churchill Livingstone Inc, 1988; a 
$240. | 


“A single text that elucidates : 





7 techniques.” ae 
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eoconference to Air.—“Common 
ind: An Interspecialty Approach 
laucoma Patient,” a live, in- 
nitinuing medical educa- 
ted videoconference fo- 
the importance of communi- 
etween ophthalmologists and 
ire physicians when treating 
-patient with glaucoma, will 
aL Sep: ember 28, 2 PM to 3:30 PM, 
Eastern Standard Time, on the Hospi- 
Satellite Network. The program 
ill also be downlinked to more than 
tal locations around the coun- 
Koppel will moderate a panel of 
ading ophthalmologists and primary 
re physicians who will discuss com- 
on issues surrounding the medical 


~ Obituaries 


ABERNETHEY, Lynn D., 73, Ridge- 

_. land; Miss; University of Tennessee 

ae College of Medicine, 1936; residency, 

<- Humana Hospital/University, 1943; 

certified by the American Board of 
‘Ophthalmology, died June 21, 1987. 














COOK, Robert Dean, 71, Oakhurst, 
alif; Northwest University Medical 
School, 1942; residency, Moffit Univer- 
sity of California Hospitals, 1950; cer- 
t ified Di the American Board of Oph- 


-| Sharma, MD. 


management of elderly patients with 
glaucoma. Physicians may register to 
attend by calling 1-800-833-3480. For 
more information, contact Carol Fon- 
tanella at (201) 273-9626. 


The Canadian Implant Association An- 
nual Meeting.—The Canadian Implant 
Association held its 15th Annual Meet- 
ing on June 2 and 3, 1989, in Montreal, 
Canada. A large faculty of national 
and international surgeons partici- 
pated. The Association presented its 
Honour Award to two outstanding ex- 
perts: Prof Svyatoslav Fyodorov of Mos- 
cow, who was recently elected to the 
Russian Parliament, and Prof Mar- 
guerite McDonald of Louisiana State 


thalmology; died December 10, 1988. 


FINE, Max, 81, San Francisco, Calif; 
University of California, San Fran- 
cisco, School of Medicine, 1933; resi- 


dency, Stanford (Calif) University 


Hospital, 1936; certified by the Amer- 
ican Board of Ophthalmology; died 
March 29, 1989. 


MORE, Arthur Louis, 92, Concord, NH; 
University of Vermont College of Med- 


CORRECTION 


"ioke EA Author Name.—In the article entitled “India-US Case-Control Study 
-| of Age-Related Cataracts,” published in the May 1989 issue of the ARCHIVES 

- | -(1989;107:670-676),, an error occurred in an author’s name. The name 
|. submitted by the. iii Yohj R. Sharma, MD, should have] been. à Yog R. 
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University, New Orleans. In addition: 
a variety of sessions were conducted : 
topics ranging from optic nerve di 
eases to lens implants. | 


Basic Course in Eyelid Sergey Of 
fered.—A course titled “Eyelid Sur- 
gery: A Basic Course for the Practicing - 
Physician” will be held December 9, — 
1989, and February 10, 1990, at the — 
Sheraton Grand Hotel, Tampa, Fla. 
For further information, contact the. < 
course director, J. Justin Older, MD, or 
Charles B. Slonim, MD, at Northside 
Medical Center, Suite 210, 13550 N 31st _ 
St, Tampa, FL 33613; (813) 971-3846 or ` 
(800) 282-8548 (Florida WATS). a5 


icine, 1929; residency, New York Eye 
and Ear Infirmary, 1933; died ey 12, 
1989. : 


WEEKLEY, Robert D., 75, Parma, Ohio: 
University of Maryland School of Med- 
icine, 1951; residency, St Lukes Hospi- 
tal, 1954; certified by the American — 
Board of Ophthalmology; died J anuary a 
8, 1989. Paes 
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y Liquifilm offers instant wettability and stabilizes 
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When something is missing, 
it’s just not the same. 


No matter what they do, single-polymer tear supplements will always be missing 
something found in Tears Plus® Lubricant Ophthalmic Solution—a second polymer. 

Two polymers, not one, to provide comfort and help maintain the corneal and 
conjunctival health jeopardized by dry eye. 

One polymer is povidone (poly vinylpyrrolidone). Povidone, a wetting agent with 
mucin-like properties, helps coat the conjunctival surface. 

The other is Liquifilm® (polyvinyl alcohol 14%). Liquifilm provides prolonged 
surface contact time to sustain comfort. It has less of an effect on corneal 
epithelium regeneration than methylcellulose 0.5% and isotonic saline.! Plus, 
the precorneal tear film 
while helping to supplement mucin and fluid deficiencies. 1.2-3 | 
_ _ Asa matter of fact, in contact angle testing, dual-polymer 
- Tears Plus displayed the same wettability and contact angle as healthy 
~ human tears.‘ All of which makes , 


Tears Plus a little different. DUAL POLYM ER 





And makes us | m 
-believe it might 

indeed be true. EILALIN 
than one. The Extra Polymer You May Be Missing. 


i. Krishna N, Brow E Polyvinyl alcohol as an ophthalmic vehicle: Effect on regeneration of corneal ep 
-Z Jones LT. The lacrimal secretory System and its treatment. Am J Ophthalmol 1966:62(1 ):47-60, 
4. Holly FJ. Surface chemical evaluation of artificial tears and their ingredients. IL. Interaction with a superficie! lipid layer. Contact Lens 1978 July/ Sept: 43152-65. 


ithelium. Am J Ophthalmol 1964571 13:99-106, 





Editorial 


The Association of University Professors 


of Ophthalmology 


The Organization in Transition 


P 1988, the ARCHIVES published an editorial describ- 

ing the Association of University Professors of 
Ophthalmology (AUPO) since its founding in 1966 
and the organization’s “increasing involvement in 
important issues.” That involvement continues in the 
pregram of the 1989 annual meeting chaired by Pres- 
ident Steven M. Podos, MD, and in organizational 
changes now under way. 

The AUPO began its February 1989 meeting at 
Captiva Island, Fla, with a special conference on the 
selection and evaluation of resident physicians. Edu- 
cational aspects were addressed by Michael J. Gor- 
don, PhD, of the Division of Research in Medical Ed- 
ucation of the University of Washington, Seattle, and 
legal perspectives were provided by Steve Milam, JD, 
general counsel to the University of Washington 
Health Sciences Center and University Hospitals, 
Seattle. 

Other program topics displayed the spectrum of 
interests of the membership. Special presentations on 
fund raising by professional consultants and by 
AUPO members reflected the realization that tradi- 
tional sources of funds may not be adequate to 
continue academic missions. A marketing sympo- 
sium, at ome time considered anathema to academe, 
highlighted the importance of access to patients to 
continue teaching and clinical research. 

The primary educational mission of the AUPO 
membership was not neglected. In attendance was D. 
Kay Clawsen, MD, chairman-elect of the Association 
of Ameriean Medical Colleges (AAMC), who re- 
sponded to presentations on medical student and 
postgraduate medical education. A recent survey dis- 
closed that most AUPO member departments partic- 
ipate in medical student teaching but that the inten- 
sity and timing of involvement varies. The AUPO is 
developing a policy on an ophthalmology curriculum 
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for medical students. The AAMC position is that the 
curriculum should be decided by medical schools. 

A session on graduate medical education reviewed 
AUPO involvement in residency appointments from 
1966 to the initiation of the highly successful Oph- 
thalmology Matching Program in 1978. This error- 
free system for second postgraduate year matching 
continues to receive wide acceptanee both from appli- 
cants and from programs. Partially to address Na- 
tional Resident Matching Program and AAMC con- 
cerns, the AUPO previously voted to limit medical 
student electives in ophthalmology and to begin the 
application process no earlier than 18 months prior to 
the potential beginning date of residency training. 
The Ophthalmology Matching Program match was 
moved to mid-January and the National Resident 
Matching Program rank order submission deadline 
for the first postgraduate year has been permanently 
moved to March 1. 

The appropriate content and duration of residency 
training in ophthalmology has been a matter of 
nearly annual AUPO debate. While the required du- 
ration of residency training has not changed, evidence 
suggests that the body of knowledge has increased, as 
have the requirements of accrediting agencies. A 
small but increasing number of programs now require 
4 years. Dr Clawson correctly observed that the real 
issue is not 3 vs 4 years of ophthalmology training, but 
4 vs 5 years of postgraduate medieal education. More 
than half of ophthalmology residency graduates enter 
fellowships, but a proposal for mandatory fellowship 
training did not win wide acceptance from those 
present. 

The AUPO values its interaction with other orga- 
nizations and their representatives. Included in the 
program were presentations by Carl Kupfer, MD 
(National Eye Institute, Bethesda, Md), David Weeks 
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.erican Board of Ophthal- 


olo , MD (American Academy 


n update was provided on the goals of the strate- 
planning process initiated in 1987 by the then 
sident Stephen J. Ryan, MD. Progress has been 
dein the areas of management, education, patient 
re, and policy development. Revised bylaws with 
veral significant changes were adopted at the an- 
1ual business meeting. A new category of associate 
membership was created for residency program di- 
rectors who are not chairmen of departments. The 
board of trustees will be expanded in 1990 from 8 to 
10 members by election of two trustees selected from 
affiliate members (heads of departments or divisions 
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Professors of Ophthalmology 
Seattle, Wash 
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ARCHIVES OF NEUROLOGY 


Permanent Lithium-Induced Downbeating Nystagmus 
Michael L. Rosenberg, MD (Arch Neurol. 1989;46:839) 


Warning Headache in Aneurysmal Subarachnoid Hemorrhage 


John L. Fox, MD (Arch Neurol. 1989;46:839) 
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Eye Movements in Acquired Immunodeficiency Syndrome 


M. Curtis, MD; M. J. Gill, MB, FRCPC; A. K. W. Brownell, MD, FRCPC (Arch Neurol. 
1989;46:839) 


Neurosyphilis in Acquired Immunodeficiency Syndrome 
Debra A. Katz, MD, Joseph R. Berger, MD (Arch Neurol, 1989;46:895-898) 
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‘Indicators and Criteria’ 


T_Jospitals are required by the Joint Commission on 

Å Accreditation of Health Care Organizations 

I0) to establish programs to improve the qual- 

ity and apprepriateness of care. Asa guide for health 

-čare organizations, the JCAHO has published stan- 

dards for monitoring and evaluation.’ An effective 
quality assurance (QA) system should allow hospitals 
and individuals to determine the level of quality of 
care they administer. In particular, problems and de- 
ficiencies must be detected and corrective measures 
taken. 

The JCAHO has outlined a 10-step QA process.’ 
These steps are as follows: (1) assign overall respon- 
sibility for the QA program; (2) delineate the scope of 
care the organization, department, or hospital pro- 
vidas; (3) identify important aspects of care; (4) iden- 

» tify clinical indicators that relate to the important 
aspects of care—an indicator is a “measurable di- 
mension of the quality or appropriateness of an im- 
portant aspect of patient eare”; (5) establish thresh- 
old criteria for evaluation of the clinical indicators 
above or below which the rate of an event or outcome 
should be of concern; (6) collect and organize data; (7) 
evaluate care when thresholds are crossed; (8) take 
actions to improve care; (9) resurvey to document im- 
provement in care; and (10) communicate relevant 
findings to the parent QA program. To facilitate this 
monitoring and evaluation process, the JCAHO has 
required that “clinical indicators” and “eriteria” 

, (items 4 and 5 above) be introduced into the QA sys- 

"tem. 

Outines of QA programs in other departments of 

halmology have not, to our knowledge, been pub- 

Therefore we cannot compare our plans with 

hers: It is our hape that this publication will elicit 
<- comment sc that our plan can be improved and so that 
others responsible for organizing similar programs 
may benefit. We describe the methods used to revise 

3 atient QA program so that it conforms with 


new JCAHO emphasis on clinical indicators and 








































sed for publication May 8, 1989. 
The Wilmer Ophthalmological Institute, The Johns Hopkins Uni- 
Baltimere, Ma. 
t requests codquality Assurance Committee, 200 Wilmer, The Johns 
‘Hospital, 606 N Wolfe St, Baltimore, MD 21205 ( Dr Schachat). 
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ity Assurance Program for an 
tient Department of Ophthalmology 


METHODS 
QA System 


The ultimate responsibility for departmental QA activi- 
ties at The Johns Hopkins Hospital, Baltimore, Md, rests 
with each department chairman. He or she generally dele- 
gates that responsibility to a departmen al QA physician 
advisor (A.P.S.). The physician advisor chairs a committee 
in our department that includes the administrator, other 
ophthalmologists, an internist, an anesthesiologist, head 
nurses, a pharmacist, a social worker, and a QA nurse co- 
ordinator. The committee meets monthly and reviews all 
aspects of patient care. 

The committee receives data from several sources. The 
QA nurse coordinator reviews each inpatient record daily. 
Any health care worker in our institute mey initiate an in- 
cident report that is ultimately received by the committee. 
Copies of patient complaints are forwarded to the commit- 
tee. 

Utilization issues, such as length of stay and documenta- 
tion of need of continued inpatient services, are noted and 
summarized monthly. An agenda is prepared prior to the 
monthly meeting by the QA nurse coordinator. Written no- 
tification and verbal notification of relevant issues are re- 
ceived by committee members prior te the meeting for re- 
view and are discussed at each meeting. The minutes of the 
meeting are dictated by the physician advisor, and periodic 
updates and recommendations are distributed to the entire 
departmental staff or to individual departmental staff 
members as appropriate. 


Clinical Indicators 


The JCAHO provides guidelines to assist each depart- 
ment with its selection of clinical indicaters. Indicators 
should be selected that relate to (1) aspects of patient care 
that affect large numbers of patients (“high volume”), (2) 
particularly severe outcomes or events (“high severity”), or 
(3) aspects of patient care that the department knows from 
previous experience are prone to prodace either serious or 
frequent problems (“problem prone”). Indicators may fall 
into one, two, or all three categories. 

Possible indicators for high-volume procedures were se- 
lected by reviewing operating room logs and statistics. The 
physician advisor interviewed senior faculty to obtain pos- 
sible indicators for high-severity procedures. Indicators of 
problems known from experience were identified by review 


of old QA minutes. The committee reviewed the candidate - : 


indicators and selected those that are given in the Table. 


Examples of indicators that relate to high-severity a 
events include deaths, transfers to another service, hospi- 
tal readmissions, and reoperations. Examples of indicators _ 


of problem-prone areas include, in our institute, aminogly- 
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Deaths 
Transfers to another service 
Hospital readmission within 30 days 
Reoperation during same hospital admission 
Severe hyperglycemia or hypoglycemia 
Aminoglycoside nephrotoxicity 
Visual acuity following cataract surgery 








coside nephrotoxic reactions and diabetic control. Visual 
outcome following cataract surgery can be used as a mea- 
sure of a relatively low-risk but high-volume procedure. 
Each indicator and its paired criterion will be discussed. 


COMMENT 


: An extensive literature is available concerning QA 
_ and QA programs. The text of Donabedian? provides 
_ an excellent overview, and the Council on Medical 
_ Service® has recently prepared guidelines for QA. 
Quality assurance programs are important because 
© they can lead to enhanced patient care. On a more 
. simplistic level, it is an absolute requirement for 
_ JCAHO certification. The personnel costs for QA pro- 
grams are high but if adverse outcomes are mini- 
mized, other expenses such as those related to mal- 
practice lawsuits may be reduced. 
To be valid, criteria must be selected from known 
reference values from community or literature norms 
or from previously collected departmental data. Care 
must be taken to consider how “case mix” differences 
alter the applicability of literature norms to the spe- 
cific population under study. For example, comorbid- 
ities may vary and differences in population comor- 
bidities may alter outcomes.*® The selection of cri- 
teria is more difficult than the selection of indicators 
and the criteria selection process often demonstrates 
how little is known about a particular subject. As an 
example, if death is selected as a clinica] indicator, a 
specific death rate will be selected as its paired crite- 
rion. To determine death rates, one must know the 
number of deaths over a given period (the “numer- 
ator”) and the number of hospital discharges for the 
same period (the “denominator”). 


High-Risk Indicators 


Deaths, hospital readmission rates, and reopera- 
tion rates are tracked by all departments at our hos- 
pital and are, therefore, termed “generic” indicators. 
The Health Care Financing Administration has iden- 
tified these indicators as particularly important and 
_ tracks death rates and hospital readmission rates for 
_. all Medicare recipients. Death, hospital readmission, 
_ and reoperation are obvious corollaries to severe dis- 
ease, unanticipated outcomes, and, in some cases, 
_lower-quality care. 

_ The most severe and unanticipated complication in 
ophthalmology is death. Since we have not had a 
_ death on our service for the last few years, we selected 
an initial criterion (or threshold rate) of zero for this 
event. However, there is a reference value availablein 
the literature. In 1974 Quigley*® reviewed a 20-year 
experience at The Wilmer Institute, Baltimore, Md, of 
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mortality associated with ophthalmic surgery. An 
adjusted mortality rate of 0.10% for 47000 oph- 
thalmic procedures was found.’ 

Because most eye surgery today is performed on an 
outpatient basis, only the sickest patients or those 
undergoing the more involved procedures will be ad- 
mitted to the hospital. Therefore, our inpatient mor- 
tality rate may be expected to be somewhat greater 
than the 0.10% 1974 rate. On the other hand, we em- 
ploy more rapid postoperative ambulation than we 
had in the past. This will tend to minimize the rate of 
postoperative pulmonary emboli, which should im- 
prove the death rate.” We anticipate that our inpa- 
tient mortality rate for the next few years will range 
from 0% to approximately 0.10%, but this remains to 
be determined. 

A second high-severity indicator is transfer to an- 
other service. There are two types of transfers: 
planned and unplanned. Planned transfers, such as a 
transfer to the urology service for previously sched- 
uled prostate surgery, are not recorded. Unplanned 
transfers to another service usually occur after ad- 
verse medical events such as a possible myocardial 
ischemia or infarction (transfer to coronary care 
unit), stroke (transfer to neurology service), or devel- 
opment of diabetic ketoacidosis (transfer to medicine 
service). Each month, all unplanned transfers are re- 
viewed and discussed. 

To our knowledge, no comparison criterion for 
transfer rates following inpatient ophthalmic sur- 
gery is available from the ophthalmic literature. Al- | 
though some data are available concerning postoper- - 
ative myocardial infarction or pulmonary embolus 
rates in other specialties,** recent quantitative oph- 
thalmiec data are unavailable.’ Even if studies were 
available, the case mixes would almost certainly be 
different from ours, making the data set less valuable 
for comparison. We do have some data from our last 
2 years’ experience to use as a starting point. Hospi- 
tal admission office data for each of the last 2 years 
show approximately a 1% transfer rate from the 
ophthalmology service to other medical or surgical 
services. 

Hospital readmission rates following inpatient 
ophthalmic surgery are unavailable in the literature, 
to our knowledge. Old hospital admission (or read- 
mission) rates would not be meaningful owing to the 
recent change to outpatient surgery. Although we 
doubt that our current year hospital readmission rate 
will be useful for future comparison because we 
expect more and more changes in current practice 
patterns, we will generate readmission rate informa- 
tion for the current year and use the information as 
well as we can. 

Major complications are often associated with 
repeated operations and can be used to approximate 
anticipated reoperation rates. For example, we might 
anticipate a 0.02% to 0.5% rate of endophthalmitis 
following intraocular surgery” or a 1% to 2% inci- 
dence of retinal detachment after cataract surgery.” 
Similarly, the Food and Drug Administration report 
on intraocular lenses provides baseline figures on a 


Quality Assurance—Schachat et al 








variety of eomplications associated with cataract 
surgery.’ Anatomic success rates for primary rheg- 
matogenous retinal detachment repair exceed 90% 
and are high even in complicated cases of retinal 
x Getachment.*” 





Probiem-Prone Indicators 


_ In recent years, we have had diabetic patients who 
have had prolonged stays related to poor glycemic 
control and patients in whom nephrotoxic reactions 
have developed while receiving intravenous amino- 
glycosides fer endophthalmitis. As a result, we have 
selected glycemic control and renal function for 
patients receiving aminoglycosides as indicators of 
events that are known from experience to have been 
the source o” problems. Information is available con- 
cerning the neidence of impaired renal function and 
_ the steps necessary to minimize nephrotoxic reac- 
— tions in patients receiving aminoglycoside antibiot- 
ics." We have already found that in attempting to 
develop a numerator and denominator for this event, 
some patierts do not have creatinine levels moni- 
tored. In some cases, the physician advisor has been 
able to notify the attending physician and house staff 
while the patient is still receiving aminoglycosides. 
Thus, in collecting these data, we may be actually re- 
ducing the eccurrence of this event. 

Severe derangement of glycemic control is an occa- 
sional problem in diabetic patients. There are no di- 
rect studies.on the anticipated rates of severe hyper- 
glycemia or hypoglycemia occurring while a diabetic 
. patient is hospitalized for eye surgery. However, in- 
` direet evidence is available. In one study, 16 of 70 di- 
abetic patients hospitalized following vitreoretinal 
surgery had sufficient glucose management problems 
that a physician had to be consulted by the nursing 
staff, even though a preoperative evaluation and 
treatment plan had been set out by an endocri- 
nologist.® Thus, 16 (23%) of the 70 patients had a 
clinically significant derangement of metabolic con- 
trol, even following standardized preoperative and 
intraoperat.ve procedures. 

We will recerd information on all patients who re- 
main in the hospital for glucose control beyond the 
time required for ophthalmic care. Our nursing staff 
measures bood glucose level with a finger-stick dex- 
trometer at least three times each day for each dia- 
-betic inpatient. Blood glucose levels less than 4.4 
mmol/L or greater than 13.9 mmol/L are reported. 








Hich-Volume Indicators 


- Most high-volume ophthalmic procedures such as 
cataract surgery or laser surgery are performed on an 
outpatient basis. Outpatient QA is in its infancy. We 
are actively working on our outpatient QA plan. For 
` now, visual outcome following cataract surgery has 

been selected as an indicator of outcome following a 
high-volume procedure. 
_.. There are published comparison data available to 
: -geleet a threshold criteria. The Food and Drug Ad- 
ration report on intraocular lenses found that 
5% of 45000 eyes had visual acuity of 20/40 or bet- 
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ter 1 year after surgery. If patients with preexisting 
abnormalities were excluded, 90%: te 94% of these 
eyes achieved a visual acuity of 20/40 or better | 
postoperatively. Most of our cataract operations in- 
clude implantation of an intraocular lens. Excluding | 
9% of the patients who had no follow-up visual acu- © 
ity data for various reasons, the visual acuity was © 
20/40 or better in 90% of our patients at the 6-month 
follow-up visit. Even 64% of those with preexisting © 
macular degeneration achieved visual acuity of 20/40 
or better. Although our case mix may differ from | 
that in the Food and Drug Administration report, the — 
results are comparable so the thresioid seems appro- 
priate. 








CONCLUSIONS 
There is a wide range of possible clinical indicators 
that can be used to monitor the quality of care. The 
JCAHO guidelines are helpful, anc each department 


or functional unit should select izs ewn indicators 
based on its own needs, experience, and case mix. For 


example, many departments wil. choose to monitor 
postoperative endophthalmitis rates as a clinical in- 
dicator. Data on postoperative irfection rates are 
available so a reasonable comparisen threshold crite- 
rion can be selected. Importantly, the outcome is 
severe. We chose not to use endophthalmitis as an in- 
dicator because most of the patients with endoph- 
thalmitis that we admit to the hospital are referred 
following surgery elsewhere. Our cases can be de- 
tected by monitoring hospital readmissions and re- 
operations. Additionally, almost aH such patients re- 
ceive an aminoglycoside antibiozie at least initially 
and ean be detected in that manner should we choose 
to. 

The indicators that we have selected are most ap- 
propriate for an inpatient service. Deaths, unantici- 
pated hospitalization following what had been ex- 
pected to be ambulatory surgery,” reoperation, and 
visual acuity after cataract surgery would also be ap- 
propriate choices for an ambulatory setting; an am- 
bulatory QA program is a JCAHO 
well.) Our inpatient clinical indicaters deal mainly 
with medical problems, utilizatioa issues, and, to a 
lesser degree, visual outcomes. We assume that most 
medical problems will be less frequent in patients 
preselected for ambulatory surgery. We have shown, 
for example, that unanticipated need for hospitaliza- 
tion, following what had been plaaned to be “ambu- 
latory” surgery, is rare.” We hope to-concentrate on 
visual outcomes in our ambulatory QA program while 
secondarily tracking the medical probiems. Obtaining 
visual outcome data for an ambulatory ophthalmic 
surgery program will be difficult. Because an institu- 
tion such as ours has a large number of attending 
ophthalmologists with offices outside the building, it 
might be necessary to hire additional personnel to 
review office records (too expensive) er to rely on vol- 
untary physician reporting of outcome data (too un- 
reliable). We hope to develop a high-quality ambula- 
tory QA program in the near future, but we have not 
solved the logistical problems at this time. 
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requirement as 






= An integral part of the QA program is to take ap- 
propriate action and collect new data to minimize an 
‘unacceptably high adverse outcome rate. For exam- 
‘ple, Trainor and coworkers” have recently shown how 
‘monitoring compliance rates has raised compliance 
with the standard of care for retinopathy of prema- 
urity in one neonatal intensive care unit. As our so- 
phistication in the QA area increases and as addi- 
tional personnel and computing resources become 
available, we expect that QA activities will play an 
increasingly important role in enhancing quality 
care. — 

< The implications of the new JCAHO requirements 
for QA extend beyond monitoring of care. In a real 
way, the use of criteria and indicators offers a method 
by which peer review of a physician’s practices can be 
more easily undertaken. While there is a separation 
of QA and peer review of practice pattern, the exten- 
sion of the new JCAHO approach to an outpatient 
setting may result in a blurring of the distinction in 
the future. 

. As the QA system becomes more developed, and as 
normative data are generated to meet the demand for 
information about routine and problem-prone prac- 
tices, more scrutiny of practices appears inevitable. 
_ However, much of the data needed to carry out the 
_ JCAHO mandate is either unavailable or not perti- 
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nent and will have to be generated by each institution 
or by our specialty as a whole. 
As the data become available, it will be easier to 
discern which physicians or practice patterns appear F 
to be subcriteria. While the current JCAHO defini- | 
tion of clinical indicator expressly disavows its use as 
a standard, the effect of such indicators is to highlight 
those areas of concern where events or outcomes vary 
from what is expected. In these situations, the goals 
of the new system are first, to explain, if possible, the 
reasons for the variance and, second, to encourage 
corrective action. The presumption of regularity of 
care is thus removed, requiring a justification for the 
deviation, either by the QA committee or the physi- 
cians involved. As such, the QA data may provide ob- 
jective evidence by which denial or revocation of staff 
privileges can be more readily defended or justified, 
reducing the real threat that antitrust liability poses 
to medicine’s ability to police itself. The new JCAHO 
guidelines constitute a part of the growing standard- 
ization and regularization of medica! practice as well 
as an attempt to enhance quality of care. a RS 
ANDREW P. ScHAcHaAt, MD 
PauL P. LEE, MD, JD > 
WiLson C-S Wu, MD, PuD 
Baltimore, Md 
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To obtain pilot information regarding 
ossible benefits ofphotocoaguilation grid 
treatment for macwlar edema secondary 
to nonischemic central retinal vein occlu- 
“glen, records were:reviewed for patients 
who demonstrated well-documented 
prompt improvement in edema after treat- 
ment. ineach of the five selected patients 
who demonsteated this association, mac- 
~ ular edema had been present for a mini- 
Mum of 6 months. Also, preoperative vi- 
gual acuity was 20.60 or less, good mac- 
ular capillary pertusion was present on the 
fluorescein angiagram. and substantial re- 
duction of edema was demonstrated on 
clinical examination and by decreased 
leakage and late staining on fluorescein 
angiography within & weeks following 
treatment. Postoperative visual acuity ei- 
ther improvedsor remained unchanged for 
“each eye. These resuits indicate that, in 
certain eyes, grid photocoagulation can 
‘lessen macular edema, thus supporting 
the rationale for a randomized clinical trial 
to determine possible benefits of this ther- 
„apy. 
` (Arch Ophthalmol. 
1302) 


1989; 107:1297- 


E K entral vem occlusion is a common 
SAY retinal vascular disturbance that 
` frequently x results in visual impair- 
-ment from leakmg perifoveal capil- 
_laries producing cystoid eee 
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Daniel Finkelstein, MD 


Macular Grid Photocoagulation for 


Macular Edema in Central Retinal Vein Occlusion 


edema.'? The Branch Vein Occlusion 
Study Group’ reported that grid laser 
photocoagulation of the macula is ef- 
fective in improving the visual prog- 
nosis in patients with macular edema 
secondary to branch vein occlusion. To 
determine whether grid photocoagula- 
tion might be effective for macular 
edema from central vein occlusion, we 
evaluated this treatment in highly se- 
lected patients as a preliminary pilot 
study prior to consideration of a de- 
finitive multicenter randomized clini- 
cal trial. For this pilot study, we report 
the cases of five patients who had a de- 
crease in vision with long-standing 
cystoid macular edema that was care- 
fully documented by fluorescein an- 
giography and for whom it could be 
clearly demonstrated that the macular 
edema was considerably lessened 
within 8 weeks following laser treat- 
ment. 


METHODS 
Definition of Terms 


The diagnosis of central vein occlusion 
was based on the presence of dilated retinal 
veins and retinal hemorrhages in all four 
quadrants of the eye. Macular edema, for 
the purposes of this report, refers to the 
clinical diagnosis of retinal thickening in 
the macular area, accompanied by the flu- 
orescein angiographic finding of leakage 
from retinal capillaries in the macula with 
late staining involving the fovea. 

Visual acuity was recorded as the best 
distance vision with current correction (if 
any), including any improvement with pin- 
hole. Visual acuity examinations were per- 
formed by unmasked ophthalmic techni- 


Gans. 


Case Selection 
Records of patients treated with grid 
photocoagulation for macular edema sec- 





ondary to central -etinal vein ooalusinn a 


were reviewed. Cases were selected that- : = 
demonstrated each cf the following charac- ee 


teristics: (1) well-documented diagnosis of 
central vein occlusion, (2) history of associ- 


ated decrease in visien for at least 6 months, © : 5 


(3) macular edema accompanied by leakage 
from perifoveal cap: 





fluorescein angiogrem (Table). 


Laser Photocoagulation 


Laser treatment was performed using 
the blue- -green or green argon laser, 50--to 
100-um spot size, 0..-seecond duration, pro- 
ducing moderate whitening of the retina 
approximately one bura width apart. Be- 
tween 110 and 24@ burns were used to pro- 
duce a grid that eneircled the foveal avas- 
cular zone and extended from just outside 


its capillary border into the area of fluo- oe 


rescein leakage and late staining for a dis- 

tance of up to 2 dise diameters. A flat fun- 
dus contact lens wes used, as was. topical 

anesthesia. : 


REPORT OF CASES 


Case 1.—A 40-year-aid white man non- 7 
hypertensive, was 2xamined on June. 28, 
1985; he had a 5-moxrth history of decreased | 
vision in the left eye. Visual acuity was 20/ 
80 OS. The right eye was normal. Fundus 
examination of the left eye showed dilated- 
veins with scattered intraretinal hemor- - 
rhage throughout tae pesterior pole (Fig 1, ` 
top left) and prominent cystoid - macular | 
edema. The patient was followed up every 2 
months from Augast. 1985 through May 
1986; at these five visits, visual acuity was 
20/100 to 20/120 OS on each occasion. Flu- 
orescein angiography- was performed or 
two occasions, on Octeber 4, 1985, and or 
May 23, 1986; both showed prominent ñ fluo- 
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laries with late stain- =. 
ing on fluorescein angiography, and- (hyo iEn 
postoperative exam nation within 8 weeks. 
of grid laser treatment demonstrating a 
reduction in macular edema associated: | 
with marked lessering of leakage on. the a 















rescein leakage with a late staining consis- 
tent with cystoid macular edema (Fig 1, top 
right). On May 23, 1986, with a visual acu- 
ity of 20/120 OS, an argon blue-green laser 
grid was placed (Fig 1, bottom left). The 
patient returned 6 weeks later, having no- 
ticed a marked improvement in vision 
within the first 2 weeks following the laser 
treatment; at this 6-week visit after the la- 
ser treatment, visual acuity improved to 
20/30 OS and edema had lessened. The flu- 
orescein angiogram performed on that date 
demonstrated an absence of leakage within 
the region treated with the laser grid pho- 
tocoagulation (Fig 1, bottom right). 


Comment: Case 1 


Patient 1 had a vision loss for 16 months 
with fluorescein angiographically docu- 
mented prominent cystoid macular edema 
for at least 11 months prior to photocoagu- 
lation. Six weeks following laser treatment, 
fluorescein angiography documented a 
marked lessening of edema; accompanying 


marked visual improvement occurred. The 


temporal sequence strongly suggests that 
photocoagulation played a role in the im- 
proved status. 


CASE 2.— A 59-year-old white woman who 
was examined elsewhere in November 1983 
had a history of declining vision in her left 
eye present for 6 months; her visual acuity 


Duration of 
Symptoms Prior 
to Initial Treatment, 


Patient No. / 
Sex/Age, y 
T/M/ 40 





4/M/50 
5/F/72 


*BG indicates blue green: G. green. 
tCF indicates counting fingers. 


was 20/25 OS with a fluorescein angiogram 
demonstrating a central vein occlusion with 
prominent leakage and late staining in the 
macula (Fig 2, top). Twenty-three months 
after her first symptoms and 17 months af- 
ter the first fluorescein angiogram, we first 
examined the patient on April 25, 1985, with 
visual acuity having declined to 20/60 OS: 


Argon Laser 











CF at 120cm CF at 120cm 





Fig 1.—Case 1. Top left, Red-free photograph of the left fundus showing scattered intraretinal hemorrhages 
throughout the posterior pole (June 28, 1985). Top right, Late phase of fluorescein angiogram shows leak- 
age consistent with cystoid macular edema (May 23, 1986). Bottom left, Fundus photograph following laser 
grid photocoagulation (May 23, 1986). Bottom right, Late phase of fluorescein angiogram 6 weeks after la- 
ser treatment shows absence of leakage in treated area and persistence of leakage peripheral to the grid. 
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fundus examination demonstrated dilated 
and tortuous veins in the left eye as com- 
pared with the right eye. Fluorescein an- 
giography again demonstrated leakage in 
the macula consistent with the cystoid 
macular edema seen clinically. On that day, 
incomplete grid photocoagulation was 
placed at the superotemporal aspect of the 
macula. On July 12, 1985, 2% months fol- 
lowing the incamplete grid photocoagula- 
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tion, there was no lessening of macular 
edema with no substantial reduction of 
leakage on fluorescein angiography (Fig 2, 
center). On October 4, 1985, with visual 
acuity still 20/60 OS and persistent cystoid 
macular edema by our clinical examination, 
more extensive grid photocoagulation was 
placed for 360° around the fovea. Two 
months later, on December 6, 1985, no 
residual edema remained clinically, and vi- 


sual acuity had improved to 20/30 OS. The 
fluorescein angiogram showed marked re- 
duction of leakage in the macula (Fig 2, 
bottom). 


Comment: Case 2 


Patient 2 had symptoms of decreased vi- 
sion for 23 months prior to the completed 
laser photocoagulatien. Prominent cystoid 





Fig 3.—Case 3. Top, Late phase of fluorescein angiogram shows leak- 
age in the macula (July 3, 1986). Bottom, Late phase of fluorescein an- 
giogram shows less leakage (August 26, 19835). 


Fig 2.—Case 2. Top, Late-phase fluorescein angiogram s hows leakage 
consistent with the presence of cystoid macular edema (November 
1983). Center, Late phase of fluorescein angiogram showing persistent 
fluorescein leakage (July 1985). Bottom, Late phase of follow-up fluo- 
rescein angiogram demonstrating marked resciution of fluorescein 
leakage (December 1985). 
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macular edema had been documented by 
fluorescein angiography for 17 months 
prior to the completion of laser photocoag- 
ulation. Two months following the com- 
pleted grid photocoagulation, the macula 


1300 


vember 12, 1985). 


was dry by clinical examination, confirmed 
by reduction of leakage on fluorescein an- 
giography, and vision had improved. 


CASE 3.—A 62-year-old white man was 
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Fig 5.—Case 5. Top, Late phase of fluorescein angiogram (July 28, 
1987). Bottom, Late-phase fluorescein angiogram demonstrating ab- 
sence of leakage in the macula (September 8, 1987). 


Fig 4.—Case 4. Top, Late phase of pretreatment fluorescein angiogram 
demonstrating leakage in posterior pole (September 1984). Center, Late 
phase of follow-up fluorescein angiogram demonstrating lessening of 
macular edema in the treated area but persistence of edema in the un- 
treated perifoveal area (January 28, 1985). Bottom, Late-phase fluo- 
rescein angiogram showing less leakage in the perifoveal area (No- 


examined by his local ophthalmologist in 
October 1985. His visual acuity had de- 
creased to 20/30 OS and a fundus appear- 
ance was compatible with central vein oc- 
clusion. By the patient’s history, the visual 
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uity gradually -wersened in subsequent 
months until he was examined by us on July 
3, 1986, with visaal acuity of 20/200 OS. 
examination confirmed the central 
asion and cystoid macular edema 
left eye. Finorescein angiography on 
3.1286, showed leakage and late stain- 







“ing n the maculs (Fig 3, top). On July 22, 
1986, with visual acuity remaining at 20/ 





0 OS and coxtinued cystoid macular 
edema xoted by. clinical examination, a 
blue-green argon laser grid was placed in 
the left macula. @ne month following laser 
treatmeat, on August 26, 1986, the patient 
returned for a follow-up visit aware of 
visual improvement. Visual acuity was 20/ 
40 OS. Fluorescein angiography showed a 
marked reductioa in leakage in the macula 
(Fig 3, bottom) that was consistent with the 
elinieal reduction in macular edema. 





Comment: Case 3 


-Patieat 3 reported a decline in vision over 
a 9-morth period prior to grid laser photo- 
coagulation. Cystoid macular edema was 
documented by fluorescein angiography 
and was markedy lessened 1 month follow- 
ing treatment. Visual acuity improved from 
20/200 to 20/40 JS. 


Case-4.—A 56-year-old white man was 
initially examined by his local ophthalmol- 
ogist im June 194, having recently noticed 
decreased vision in his right eye. Visual 
acuity was 20/100 OD and fundus examina- 
tion demonstra:ed venous dilatation and 


= scattered intraretinal hemorrhages. The 


~ the berder of the foveal avascular zone, 









patient was reexamined by his local oph- 


thalme‘ogist on:September 12, 1984; visual 
acuity was 20/70 OD with persistence of 
hemorčhage and venous dilatation. A fluo- 
resceir angiogram obtained then demon- 
strated extensive leakage and late staining 
in the macula, consistent with cystoid mac- 
alar eGema (Fig 4, top). We first examined 
the patient on November 19, 1984, and con- 
firmed:the diagnosis of central vein occlu- 
sion ix the right eye. The patient returned 
to us far follow-up examination on Decem- 
ber 31, 1984, with continued cystoid edema 
by clizical examination. Visual acuity re- 
mained 20/70 @D. Argon blue-green laser 
grid photocoagulation was applied in the 
regiorsof the edema, but not coming close to 


consequently sparing a zone of edema that 
surrounded the foveal avascular zone. One 
month later, on January 28, 1985, a fluores- 
cein angiogram showed marked lessening 





of fluerescein leakage in the treated area, 


but the untreated perifoveal area remained 
edematous wita visual acuity of 20/100 OD 
(Fig 4-center). The patient returned on May 


30, 1835, with continued cystoid macular 
edema and visual acuity of 20/100 OD; fur- 
“ther argon blue-green grid treatment was 


placed in the previously untreated superior 


‘perifeveal area up to the foveal avascular 


zone, sparing only the inferior perifoveal 


. region, The patient returned on July 1, 1985, 


| ual acuity of 20/70 OD and again on 
Jetober 8, 1985, with visual acuity continu- 
ng a 20/70 OD and fluorescein angiogra- 
y demonstrating persistent leakage only 
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in the inferior, untreated perifoveal area. A 
third session of argon blue-green photoco- 
agulation was performed in the remaining 
untreated inferior perifoveal area. The pa- 
tient returned 1 month later, with angiog- 
raphy on November 12, 1985, demonstrat- 
ing further reduction in leakage (Fig 4, 
bottom) and an improvement in macular 
edema on clinical examination; however, 
visual acuity remained at 20/70 OD. 


Comment: Case 4 


Patient 4 had visual symptoms for 16 
months and documented prominent cystoid 
macular edema for 13 months prior to the 
completion of the grid photocoagulation. 
One month later, fluorescein angiography 
demonstrated marked reduction in leakage, 
but visual acuity was 20/70 OD, which was 
unchanged from the initial visual acuity 
prior to the first session of photocoagula- 
tion. 


CASE 5.—A 72-year-old white woman was 
seen by her local ophthalmologist in De- 
cember 1986 because of recent onset of 
vision loss in her right eye. Visual acuity 
was counting fingers at 120 cm in the right 
eye and the fundus showed a picture con- 
sistent with central vein occlusion. She was 
observed for 6 months with no improve- 
ment in vision. She was examined by us in 
July 1987. Then, her visual acuity was still 
counting fingers at 120 cm in the right eye 
and the fundus showed venous dilatation, 
scattered hemorrhages for 360°, and prom- 
inent cystoid macular edema. A fluorescein 
angiogram showed marked leakage and 
staining in the macula (Fig 5, top). An ar- 
gon blue-green laser grid was applied to the 
right macula. The patient returned 5 weeks 
later. The macula appeared dry on clinical 
examination, and a repeated fluorescein 
angiogram showed resolution of leakage 
(Fig 5, bottom). However, the patient felt 
vision might be slightly “dimmer,” and vi- 
sual acuity remained counting fingers at 120 
em. 


Comment: Case 5 


Patient 5 was observed to have extensive 
macular edema and decreased vision for 6 
months. Five weeks after photocoagulation, 
the macular edema was clinically absent, 
and fluorescein angiography demonstrated 
no leakage in the macula. Vision did 
not improve, however. In this case, some 
closely spaced burns resulted in areas 
of confluent photocoagulation scars (Fig 5, 
bottom). 


COMMENT 


The five eases reported herein dem- 
onstrate that macular grid argon laser 
photocoagulation, at least in certain 
cases, can dramatically lessen cystoid 
macular edema produced by central 
vein occlusion (Table). Not all patients 
treated with grid photocoagulation 
will demonstrate this improvement. In 
these selected patients, however, we 
believe the laser applications were as- 
sociated with reduction of edema, since 


the interval for postoperative reduc- 
tion of edema was brief compared with 
the long-standing presence of edema 
preoperatively. 

Only limited data are available re- 
garding the natural aistory of macular 
edema in central vein occlusion. Those 
data that are availeble indicate that, 
in general, macular edema usually 
does lessen with tine, but it may per- 
sist for years.” It is presumed that vi- 
sual loss is initial:y caused by the 
macular edema, wich, if persistent, 
may lead to permanent structural 
changes that could limit vision even 
after the edema resolves. E 

Hayreh! has poin:ed out that macu- 
lar edema is almost invariably the pri- 
mary cause of visaal loss in nonis- 
chemic central vein occlusion. He 


states that nonisckemic central vein | 


occlusion is a relatively benign and 
self-limited condition. T 

Zegarra et alf deszribed 15 eyes with 
macular edema secondary to “partial 
central vein occlusion.” The macular 
edema resolved in € eyes and persisted 
for longer than 1 y2ar in 7 eyes. 

Three studies provide initial. and 
final visual acuity data.and fluorescein | 
angiographic documentation for pa- 
tients with macular edema secondary 
to central vein occlusion. These studies 
suggest that macu.ar edema, particu- 
larly in older patients. is often a per- 
sistent condition that results in per- 
manent visual loss. 

Laatikainen et aF reported that of 13 
untreated eyes with nenischemic cen- 
tral vein occlusion and macular edema 
followed up for at least 1 year, 9 had 
persistent cystoid macular edema at 
the most recent follow-up visit. In all 
13 eyes, the final visual acuity was 
within one line o? the initial visual 
acuity. The initial visual acuities were 
all 20/120 or less. 

May et al‘ reported 12 untreated eyes 
with nonischemic central vein occlu- 
sion and macular edema followed up 
for 8 to 56 months During the follow- 
up period, 3 of the 12 eyes had a signif- 
icant improvemer ) 
more lines). 

Finally, Coscas and Dhermy’ pre- 
sented data from 30 eves with fluores- 
cein angiograph.cally documented 
edematous central vein occlusion. Of 
15 eyes with initial visual acuities of 
20/50 or less, 4 hac improvement in vi- 
sion of two or mor- lines. All eyes were 
followed up for at least 1 year. Coscas 
and Dhermy conc uded that the prog- 
nosis for edemateus central vein oc- 
clusion (nonischemic) is far from be- 
nign and that an unfavorable outlook 
is common. 

Previous studies of photocoagula- 
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in vision (two or = 








tion in patients with macular edema 
secondary to central vein occlusion 
have failed to demonstrate a consis- 
tent lessening of edema or visual ben- 
efits that could be attributed to the 
treatment.***" However, the treat- 
ment methods employed in these stud- 
ies generally consisted of panretinal 
photocoagulation to the periphery, 
avoiding treatment within the macu- 
lar region. 

Because of the benefits of grid pho- 
tocoagulation of the macula in pa- 
tients with branch vein occlusion, as 
demonstrated by the Branch Vein Oc- 
clusion Study Group,’ it seems reason- 
able to test whether a similar treat- 
ment might be of value in patients 
with macular edema secondary to cen- 
= tral retinal vein occlusion. Further 
= support is suggested by the fact that 
focal macular photocoagulation im- 
_ proves the visual prognosis for eyes 

with macular edema secondary to dia- 
betic retinopathy,” and laser grid pho- 
_ tecoagulation has been reported to be 
of benefit for eyes with diffuse diabetic 
macular edema." 

Our purpose in this study was to ob- 
-= tain pilot information regarding pos- 

_ sible benefits of macular grid therapy 
for patients with central vein occlusion 
prior to recommending a randomized 
ee clinical trial. We reviewed our records 
es for patients who had clearly docu- 
oe mented, fluorescein angiographically 
proved cystoid macular edema with 
vision loss who had been treated with 
grid laser photocoagulation and who 
demonstrated improvement in edema 
promptly after that therapy. In each of 
our five selected patients, symptoms 
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had been present for at least 6 months 
and visual acuity was 20/60 or less 


when treated. The method employed 


consisted of a moderate-intensity grid _ 
of argon blue-green laser or argon 
green laser applications of 50- to 100- 


um spot size, one burn width apart. 
Treatment was applied within 2 disc 
diameters of the fovea and extended to 
the edge of the foveal avascular zone. 
The spots were placed for 360° around 
the fovea. Fluorescein angiography, 
performed within 8 weeks after photo- 
coagulation, demonstrated marked re- 
duction in fluorescein leakage in each 
patient, consistent with the clinical 
findings of decreased macular edema. 

Not all patients with macular edema 
secondary to central vein occlusion 
show reduction in edema following 
grid photocoagulation. In the experi- 
ence of one of us (M.L.K.), a total of 10 
patients with central vein occlusion 
and macular edema who met the fol- 
lowing criteria were treated with mac- 
ular grid photocoagulation between 
December 1984 and April 1988: initial 
visual acuity of 20/70 or less; retinal 
thickening and cystoid edema with 
minimal hemorrhage in the macula; 
good macular capillary perfusion with 
leakage and late staining on the fluo- 
rescein angiogram; and a follow-up 
examination within 2 months (av- 
erage, 5 weeks) after laser photocoag- 
ulation. Nine of the 10 patients had 
symptoms for 3 to 12 months, and the 
remaining patient was symptomatic 
for 6 weeks. The average duration of 
Symptoms was 7 months. Following 
photocoagulation, 7 (70%) of the 10 
patients had a reduction of clinica] 
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í macular edema (retinal thickening). In 


six of these 7 patients, there was a 
marked lessening of leakage and late 
staining on the fluorescein angiogram. 


In the remaining 3 patients, there was 


no reduction in clinical macular edema 
and no lessening of fluorescein leakage 
in the 2 patients who had follow-up 
fluorescein angiography. Visual acuity 
improved by two or more lines in 3 pa- 
tients and worsened in 1 patient. 

Scotomas corresponding to the laser 
burns were frequently noticed follow- 
ing photocoagulation. These scotomas 
generally faded over a period of several] 
weeks. They disappeared entirely in 
some patients and were considered 
disabling in none. If laser burns are 
placed too close together, producing 
confluent sears around the fovea, we 
might expect symptoms to occur more 
frequently. 

As in all cases of macular photoco- 
agulation, visually disabling complica- 
tions, such as foveal burns, hemor- 
rhage, subretinal neovascularization, 
and macular pucker, can occur. In our 
experience to date, there have been no 
such complications. 

Based on the pilot data presented in 
this report and on accumulating data 
on the benefits of grid photocoagula- 
tion in other disease entities, we be- 
lieve there is support for the rationale ; 
of a randomized clinical trial to test- 
the efficacy of this therapy in a broad 
range of patients with macular edema 
secondary to central retinal vein oc- 
clusion. 
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apy From Timolol to Betaxolol 


Effect on Intraocular Pressure in Selected Patients With Glaucoma 


Reger Va; 





el, MD: Robert Tipping, MS; Stanley F. Kulaga, Jr, MD; Coleen M. Clineschmidt; 


and the Members of the Timolol-Betaxolol Study Group 


e Three hundred fifty-three patients 
whose iniraocular pressure was con- 
` trolled with a timololmaleate ophthalmic 
-solution were studied. Following a base- 

yeto, half were switched (masked 
and randomized) to treatment with a be- 
taxotol Hydrochtoride ophthalmic solution 
and were followed up for 12 weeks. in- 
traocular pressure, signs, and symptoms 
were recorded at weeks 1, 4, 8, and 12. 
Those patients switched to the betaxolol 
ophthalinic solution had a significant in- 
crease in both ocular side effects (burn- 
ing/ stinging and tearing) and intraocular 
pressure at weeks 4, 8, and 12 when com- 
pared with those patients who continued 
to receive timoiol. 

(Arch Ophthaimoil. 
4307) 














1989; 107: 1303- 


ince: the introduction of the timolol 

maleate ophthalmic solution as an 
Gaa pressure (IOP)-lowering 
agent in 1978, it has been suggested 
that = more eardioselective agent or 
even à more eculaselective agent may 
be advantagesus ia that there would be 
less need te sereen patients for a his- 
tory of bronchospasm and heart block 
before prescribing the topical £- 
blocker. One predact of this search has 
been betaxolol bydrochloride, which 
has much less 8,- and £,-blocking ac- 
tivity than timolol in vitro’? and is a 
relatively cardioseleetive (ie, 6,-selec- 
tive) drug’ Some early studies com- 
‘paring timolol and betaxolol showed 
-that [OP lowering or control was less 
. with betaxolol than with timolol.** The 
_ present study addressed itself prima- 
rily to the effect on IOP control of 
hing a patient from timolol to 
` betas -olol. The relative tolerability of 
the twe agents and the signs and symp- 
toms they produced were also re- 
_ corded. 








sentenniyrimamemteming ie ireen ttt tte RN ACR AIT CE aaeeea I A 


Accepted forpublization April 6, 1989. 










$ ipping, and Ms Clinesehmidt). A complete tist of 


nisimthe research study. appears at the 
is article ie 
a vga to. > Ophthalmology Clinical 


y oe 107, September 1989 


om.Merck Sharp & Bohme Research Labora- | 


MATERIALS AND METHODS 


This was a double-masked, randomized, 
parallel, multicenter study of patients with 
elevated IOP and open angles in both eyes 
whose IOP in both eyes was considered to be 
controlled (pressure, <22 mm Hg) with 
timolol. Patients were eligible for the study 
if they had received timolol for at least 1 
month prior to the beginning of the study. 
No treatment for elevated IOP other than 
that provided by the protocol was permitted 
during the course of the study. Patients 
were excluded for the following reasons: 


1. Evidence of acute ocular infection 
within 1 month of study start 

2. Previous intraocular surgery or severe 
ocular trauma 

3. Concomitant systemic medication af- 
fecting IOP, ie, 8-blocking drugs, clonidine 

4. Pregnant or nursing women and 
women of child-bearing potential not using 
adequate contraception, ie, not using oral 
contraceptives or an intrauterine device 
(established by direct questioning) 

5. Embedded corneal foreign body 
within 1 month of study start 

6. History of active herpetic keratitis or 
active corneal ulcer within 1 year of study 
start 

7. Any corneal abnormalities preventing 
reliable applanation tonometry 

8. Any ocular medication, other than 
timolol, within the week prior to study start 

9. History of acute angle closure or sec- 
ondary glaucoma (including exfoliative, 
pigmentary, and low-tension glaucoma) 

10. Pupil that would not dilate suffi- 
ciently for evaluation of retina 

11. Bronchial asthma or chronic obstruc- 
tive pulmonary disease that contraindi- 
cates use of timolol or betaxolol 

12. Second- and third-degree atrioven- 
tricular block, uncompensated heart fail- 
ure, or bradycardia (athletes would not be 
excluded if this were the reason for the slow 
pulse rate) 

13. Patients whose IOP was 22 mm Hg or 
greater with timolol therapy 

14. A history of sensitivity to any com- 
ponent in the formulations of timolol or be- 
taxolol 


The betaxolol supplies were obtained in | 
the marketed vials and were repackaged | 


under sterile conditions in 5-mL patented 


metered delivery systems (Ocumeters). 


Care was taken to ensure that the drop size 
for betaxolol delivered in the study was 


equivalent to that of the marketed drug. 
The timolol ophthalm% sotution used in the 
study was also in the metered delivery sys- 
tem. The repackaging: of betaxolol was nec- 
essary to maintain the masked nature of 
the study. 

All study sites complied with the guide- 
lines set forth in the Derlaration of Hel- 
sinki (Finland) for mternational partici- 
pants and those of the Feod and Drug Ad- 
ministration for US sites. informed consent 
was obtained from each patient, and all 
were entered initially into a 2-week run-in 
period, during which 0.5% timolol maleate 
was administered bilaterally twice daily. 
The purpose of this schedule was to estab- 
lish a common regimen ef timolol therapy 
for all patients. Intraocular pressure was 
measured at the beginning of this 2-week 
period and at the enc to ensure that all pa- 
tients had their pressures controlled. At the 
end of this run-in period, patients returned. 
to the clinic and, betore instillation of the 
morning drop, underwent an ophthalmic 
examination that included Goldmann ap- 
planation tonometry to obtain baseline val- 
ues. Patients were then randomly assigned 
to receive either 0.2% timolol maleate or 
0.5% betaxolol hydrochioride twice daily 
bilaterally, in a douvle-masked fashion for 
12 weeks. Patients returned after 1, 4, 8, and 
12 weeks on the allocated regimen for an 
examination (approzimetely 12 hours after 
the evening administration and prior to the 
morning administration) that included the 
measurement of IOP, bhioed pressure, and 
pulse rate and an assessment of signs and 
symptoms. Patients were not queried for 
specific symptoms but were encouraged to 
volunteer them. If, during the course of the 
study, IOP was not maintained at a satis- 








factory level (ie, <22 nam Hg), pilocarpine os 


could be added to the therapeutic regimen 
according to the investzgator’s usual prac- 
tice. Pilocarpine was chosen since it is the 
most frequently preseribed second agent 
used with topical 6-bleckers. 

_ The analysis of the io data was done 





the senna In then orse-eye oa the 
-eye with the higher baseline IOP was used 
‘throughout the course of the study. The 
- right eye was used if the baseline IOP was 


the same in both eyes. Blood pressure and 
pulse rate were recorded after the patient 
was seated for 5 minutes. Signs and symp- 
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Timotot 
Maleate 


Betaxoial 
__ Hydrochloride 


No. of Patients 


Aeneam oniani, 
Week Week Week Week 





Characteristic Drug 1 4 8 12 

Patients who contributed data Timolol maleate 156 i51 151 149 

g ' Betaxolol hydrochloride „160 154 148 146 
a Patients who were out of day range * Timolol eal 3 2 4 2 
Betaxolol | 4 3 4 5 

Patients who discontinued due to AE}  Timolol 1 1 2 5 
f Betaxolol E 3 7 ā 8 w 
Patients who withdrew Timolol | 0 5 5 6 
a i Betaxolol = O 0 2 3 
Patients who were protocol violatorst  Timolol 10 14 11 11 
Betaxoloi | 43 15 13 11 

Patients who instilled pilocarpine Timoll 0 o | 0 0 
Betaxolol 0 ects 4 4 

Data not received Timolol 0 0 0 
Betaxoilol 0 Oo 4 

Total Timolo} 173 173 173 173 
Betaxolol 180 180 180 180 


* Out of day range indicates that visit did not occur within the specified range of days for that study week. 

tAE indicates adverse experiences. 

$Protocol violations were as follows: instilled medication on morning of examination: incomplete dosing on day 
prior to examination: less than 30 days of prior timolol therapy (not including baseline period); and prohibited 
concomitant medication. 





Pressure, mm Hg 




























TRT Between-Group 
Week Drug A Baseline Period Change Significance, P 
1 Timolo! maleate 159 18.39 18.49 0.10 ae 
Betaxolol hydrochloride 160 18.26 18.69 0.43+ ok 
4 Timoto! 151 18.28 18.34 0.05 } 
Betaxoloi 154 18.22 19.67 1.454 
8 — Timolo! 151 18.23 18.31 0.08 
Betaxolo! 148 18.26 20.03 1.77ł 









12 Timolol 
Betaxolol 


Air ere tire es 





ates treatment; NS, not significant. 





-*TRT indice 
cv $Within the indicated group, the change from baseline was Significant (P < 01). 
_ $Within the indicated group, the change from baseline was significant (P < 05). 


toms were reported as absent, mild, moder- 
ate, or severe. 
_, Between-group differences for the con- 
tinuous variables (IOP, blood pressure, and 
- pulse rate) were assessed using an analysis 
of variance on the ranks of the observa- 
_ tions.’ The model included factors for in- 
vestigator, treatment, and investigator-by- 


treatment interaction. The ranking was 
done without regard to the factors in the 
model. The change from haseline within: 


weighted average of Wilcoxon's Signed- 
Rank Test from each investigator.’ 

The ordered categorical variables (IOP, 
symptoms, and signs) were analyzed using 
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each group was analyzed using the un- 





a generalized linear model for a weighte 


sum of the frequencies in the various re 
sponse categories.” The model included fac 
tors for investigator, treatment, and inves. 
tigator-by-treatment interaction. For thi 
categorical analysis of the IOP values, thi 
model also included a factor for baseline 
IOP. 5 

Data from investigators who contributed 
fewer than six patients at any week were 
combined. Adverse experiences were ana- 
lyzed using Fisher’s Exact Test. 


RESULTS 


Three hundred fifty-three patients 
from 36 investigators were entered 
into the study. The demographic char- 
acteristics are shown in Table 1. 

Data for a number of patients are 
missing from the IOP analysis. The 


reasons and the distribution of pa- 


tients between the treatment groups 
are shown in Table 2. 


Mean IOP 


Average Eye.—Within the timolol- 
treated group, the change from base- 
line was not significant at weeks 1, 4, or 
8. At week 12, a significant increase 
was observed. Within the group 
treated with betaxolol, significant in- 
creases from baseline were seen at 


weeks 1, 4, 8, and 12. The difference be- 


tween the two groups was significant 
at weeks 4, 8 and 12 (P = .01).-An 


analysis including patients who w erei 


protocol violators and patients who 
instilled concomitant pilocarpine 
yielded similar results. There was no 
significant investigator-by-treatment 
interaction (Table 3). 

Worse Eye.—The worse-eye analysis 
yielded results similar to those of the 
average-eye analysis. It is of interest 
that in the worse-eye analysis, the 
timolol-treated group showed a reduc- 
tion in IOP from baseline at all time 
points, significantly so (P < 05) at 
weeks 1 and 4 (Table 4). 

The results from both the average- 
eye and the worse-eye analyses are 
displayed in Fig 1. 


Distribution by IOP Response 

Of special importance in the study of 
glaucoma is not just the mean IOP 
within a group, but also the propor- 
tions of patients in whom IOP was 
lowered sufficiently. We looked first at 
the distribution of patients according 
to the change in IOP from baseline. 
(The data from weeks 1 and 12 are 
presented in Fig 2 and Tables 5 and 6.) 
At weeks 4, 8, and 12, the two treat- 
ment groups differed significantly 
(P <.01) with respect to this distri- 
bution. The distributions of the 
timolol-treated patients tended to be 
relatively symmetric, with many pa- 
tients showing little or no change from 
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Week Drug n Baseline Period Change Significance, P 
4 Timolol maleate 159 19.03 18.76 —0.28ł NS 

n Betaxolël hydrochloride 18.81 18.98 0.434 
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= +Within ihe indicated group, the change from baseline was significant (P = .05). 
om se Within the indicated’ group, the change from baseline was significant (P < .01). 
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Worse Eye 


Betaxolol Hydrochloride 


Worse Eye 


8 12 


Week 


Fig 1.—~Mean intraecuiar pressures in average eyes and worse eyes. Asterisk indicates signifi- 
cant difference between groups with respect to both average eye and worse eye (P < .01). 


baseline. In contrast, the distributions 
of the betexolo.-treated patients at 
weeks 4, 8, and 12 were asymmetric 
cand were shifted toward an increase in 
IOP. These results were consistent be- 
tween the average-eye and worse-eye 
nalyses. 
We then looked at the number of pa- 
tients with an [CP greater than 21 mm 
: Hg at the various time points. The av- 
-erage-eye analysis showed signifi- 
cantly more patients with an IOP 
greater thaa 21mm Hg in the betax- 
olol-treated groap at weeks 8 and 12 
<- {P = 05). In the worse-eye analysis, 
-significantly mere patients treated 
with betaxolol had an IOP greater 
. than 21 mm Hg at weeks 4, 8, and 12 
{P <= D5). 


Signs and Symptoms 













Full symetomatologic data for the 
4. whole study period were available for 
849 of 353 patients; 172 in the timolol- 
ed group and 177 in the betaxolol- 
ed group. The other four patients 
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withdrew from the study prior to any 
evaluations. The group treated with 
betaxolol experienced significantly 
more burning/stinging (P < .01) and 
tearing (P < .05) than the group 
treated with timolol. The differences 
between groups for other symptoms 
noted were not significant (ie, blurred/ 
cloudy vision, foreign-body sensation, 
itching, decreased vision, photophobia, 
spots/flashes/streaks, or diplopia) 
(Table 7). Patients counted as having 
“decreased vision” were those who re- 
ported at least one of the following: 
decreased night vision, decreased pe- 
ripheral vision, transient visual loss, 
and loss of vision. The majority were 
patients with decreased night vision. 
Only one patient had a loss of vision. 

There were no significant differ- 
ences found between the groups with 
respect to the incidence of ocular signs. 


Vital Signs 


No differences were found between 
the groups with respect to pulse rate or 












blood pressure. There was a rise in © 
mean pulse race in the betaxolol- - 
treated group at weeks 1 and4 of 1.2 = 
and 2.0 beats pes minute and at week 
12 of 1.6 beats per minute. Within each 
of the treatment groups, there were 
significant decreases from baseline 
with respect to blood. pressure. These _ 
decreases were ess than 2 mm Hg in 
each case and w2re not believed to be- 
clinically meaniagfal. 





Adverse Experiences ME, 
Twenty-five (.4%) of the 173 pa- 
tients treated wih timolol had at least ne 
one adverse experience. Twelve of. 
these were patie: ats who had an ocula: 
adverse experierce. Forty-six (26% yo 
the 180 patients -reated with betaxolo 
had at least one adverse experience. 
Thirty-six of these were patients who. 
had an ocular acverse experience. The 
difference in indideace rates between = 
the treatment groups with respect to. 
both any adverse experience and ocu- _ 
lar adverse experiences was signifi- 
cant (P < .01). z 
Five patients discontinued. timolol o 
treatment due o an adverse experi- 
ence, and 10 patzents discontinued be- 
taxolol treatment due to an adverse e 
experience. ne 















CCMMENT See 

This study clinically compared the 
level of IOP control in patients whose- 
glaucoma was treated with timolol or `: 
betaxolol. The effect on IOP control 
was analyzed in patients whose pres- -< 
sure was contro led with timolol and 
who then were switched to a betaxolol = 
regimen. The aralysis addressed the 
average eye and theworse eye since it- 
is not yet establahed which approach — 
is correct when patients enter two eyes. 
into a study. The d&ferences between 
the average-eye data and the worse- 
eye data were minimal. The worse-eye ` 
approach probaly gives a more clini- 
cally useful view of efficacy in a study = 
of this sort, especially when clinical — 
outcome is revewed. However, we — 
found little to begaimed from a worse- 
eye analysis thatouwid not be delivered 
from the average eye-data. When all. 
patients contribute: both eyes to a` 
study, the average-eve approach i is, we: 
conclude, appropriate. 

The effect of timelol on IOP is de- 
tectable for at least 2 weeks after 
withdrawal, and possibly longer." Itis ` 
therefore important that a difference > 
between the meen IDPs of the groups - 
was already apparent at 1 week. This 
difference had grown larger by week 4 
This study founda mean change in IOP 
in the betaxolol- sreated group of 1. 45 
mm Hg at 4 weeks. This is similar i in a 
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Fig 2.—Left, intraocular pressure response to switch in therapy in average eyes. Right, intraocular pres- 
sure response in worse eyes. Asterisk indicates significant difference between groups (P < .01). 


Drug 
Timoiol maleate 


- Betaxolol hydrochloride 


Timoiol 
Betaxolol 
Timoto! 


-u Betaxotol 
12. E : = ‘Timolol 








Change From Baseline, mm Hg 











neem a No. Treated 
<=-§ >~-§ to =-2 >—2 to <+2 z= +2 to <+5 ax+5 Total With Pilocarpine 
2 24 101 28 4 159 0 
3 -A 102 32 i 6 160 0 
o 26 92 30 3 151 o 
2 14 81 42 © 15 154 1 
2 26 91 31 1 151 Q 
3 13 =O 520 19 148 4 
4 20 86 35 E 4 149 0 
1 12 44 24 146 4 


ence between the treatment groups was significant (P=.01) at weeks 4, 8, and 12. 

















Change From Baseline, mm Hg 





No. Treated 





















Drug S75 > Sto =~2 >~-2 to <+2 22+2 to <+5 z+5 Total With Pilocarpine 
Timolol maleate 6 30 | 97 22 4 159 | 0 
Betaxolol 

hydrochloride 4 29 86 30 i1 160 0 
Timolo! 4 43 77 24 3 151 0 
Betaxoial 3 18 76 34 | 23 154 | 1 
Timolol 5 39 74 32 1 151 0 
Betaxolol 5 16 60 45 22 148 4 
Timolol 6 | 29 76 35 3 149 o 
Betaxolol 2 24 48 45 27 146 4 


“The difference between the treatment groups was significant (P -< O1) at weeks 4, 8, and 12, 











magnitude to that reported by Allen cepted upper limit of 21 mm Hg (2 SDs had suffered a loss of IOP control. The 
and Epstein,’ who found a differenceof from the mean in the adult popula- goal of glaucoma therapy should be to 
1:6 mm Hg after 1 month. Others have tion). Second, in the worse-eye analy- maintain IOP at the lowest level pos- 
found that betaxolol lowers IOP less sis, significantly more betaxolol- sible to prolong survival of the visual 
than timolol. 
_ Two findings are of clinical impor- Hg at weeks 4, 8, and 12. Although the Timolol has been shown'*" to reduce 
_ tance. First, at weeks 8 and 12 in the mean IOP for the betaxolol-treated the resting pulse rate by three to five 
| average-eye analysis, 


treated patients had IOPs over 21mm field.” 


significantly group appears to be within the normal beats per minute, which to some extent 
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- more patients had IOPs above the ac- range, a significant number of patients is apparent in this study in the betax- 
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No. of Patients 


Absent Mild Moderate Severe Significance, P 


Timolol maleate 
Betaxolo! hydrochloride 


Burning / stinging 








Maximum intensity af ary symptom Timotol 


Giurred/ cloudy vision Timolol 3 
Betaxolol 1 
Tearing Timoiol 1 
Betaxolol 3 
Foreign-body sensation Timoiol 2 
Betaxolol 1 
itching Timolol | 155 14 3 O ia 
Betaxoloi 159 12 6 Q 
Decreased vision Timoiol 2 3 
aa Betaxoloi 4 1 
Photophobiæ Timolol 1 1 | 
p Betaxoiol 4 0 
Spots, flashes, streaks Timotol 0 1 
i Betaxoiol 2 O 9) 
Diplopia Timoio! 170 2 a) ) NS 
Betaxolol 172 4 


OrMioigo 


Betaxolol 


* Symptoms with greater than 2% incidence rate. Several patients reported more than one symptom. NS indicates not significant. 


olol-treated group. After 4 weeks the 
‘mean pulse rate in that group had 
risen by twobeats per minute from the 
baseline during timolol therapy. How- 
ever, in spite of this trend, no signifi- 
cant difference existed between the 
treatment groups for pulse rate or 


* blood pressure at any time during the 


12-week study peried. 

Betaxolel is predominantly a B,-re- 
ceptor blocker, whereas timolol is a 
nonselective 6-biocker. Timolol abol- 
ishes the ocular hypotensive response 
to isoproterenol“: whereas the 6,-re- 
ceptor blockers, metoprolol and betax- 
olol, do not. Radiologic binding and £8- 
adrenoceptor-lirked adenylate cy- 
clase studies” have indicated a 
predominantly 6,-receptor population 
associated with the ciliary processes. 
From this, it would appear likely that 


1. Sugrue MF, Gautheron P, Grove J, Mallorga 
P, Viader MP. 1-652328 an ocular hypotensive 
agent with modest beta receptor blocking activity. 
Invest Ophthalmol Vis Sei, 1988;29:776-784. 

2. T Mai Phan, Khiem VY Nguyen, Giacomini JC, 
Lee DA. Ophthalmic 8-blockers, relative ocular 
penetration, systemie absorption and binding af- 
finities to the ai = o reæenlore Invest Ophthal- 





3. ‘Blanchetti: A Batrix C, Gomin R, et al. 
Pharmacokinetics of the new 8-adrenoceptor 
blocking agent betaxolol {SL 75212) in man after 
repeated oral administration. Arzneimittelfor- 
schung. 1980301912. 

å. Gludicelli JF, Chauvin M, Thuillex C, et al. 
8-Adrenoceptor blocking effects and pharmaco- 
kinetics of betaxolol (SL 75212) in man. Br J Clin 
Phi moco, PEDAL. 

5, Allen RC, Epstein DL. A double masked 
dinieal trial of betaxolol and timolol in glaucoma 
patients. Invest Ophthalmol Vis Sci. 1982;22 
(suppl):40. Abstract. 
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the more £,-selective B-blockers might 
be weaker ocular hypotensive agents 
than nonselective or 8,-blockers. Our 
finding that betaxolol provides a 
poorer level of IOP control than 
timolol is supportive of this premise. 

We conclude that in patients with 
elevated IOP satisfactorily controlled 
with timolol, a change of therapy from 
timolol to betaxolol will result in an 
increase in IOP and a greater incidence 
of ocular side effects. 
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e - ina double-masked crossover study, 
the dose-response. relationship for aque- 


ous flow was determined for four concen- 
trations of betax 
> Jevobunolol hydrochloride in 19 normal 
subjects. One eye of each subject re- 
cee ceived every concentration of both drugs. 





axolol hydrochloride and 
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Comparison of a Noncardioselective 


Reducing Aqueous Flow in Humans 


“Gerald R. Gaul, MD; Nicci Jo Will; Richard F. Brubaker, MD 


[t has been shown that B-adrenergic 

antagonists consistently lower in- 
traocular pressure in the human eye 
and that this effect is the result of the 
suppression of aqueous humor forma- 
tion. Rushton’ has reasoned that this 
effect is due to a common action of all 
B-adrenergic antagonists rather than 
separate actions of each one and is, 
therefore, a @-adrenergic response. 
However, whether the action is adreno- 
ceptor mediated remains unclear. For 
example, although timolol maleate has 
a high affinity for the ciliary body 
B-receptor, a relatively high externally 
applied concentration of the drug is 
required for clinical effect. This dis- 
crepancy has been cited as evidence 
against a 8-adrenoceptor mechanism.’ 
Additional support for this viewpoint 
has come from the recently reported 
finding that timolol can block directly 
an ion conductive channel from human 
cultured nonpigmented ciliary epithe- 
lium? 

One way to study the mechanism of 
this class of drugs would be to measure 
the dose-response relationships of rel- 
atively selective -adrenergic antago- 
nists on the rate of aqueous humor 
flow in normal human eyes. Evidence 
shows that the ciliary epithelium, 
which forms aqueous humor, is popu- 
lated primarily with the 8, subtype of 
receptor.** If the effect of 6-adrenergic 
antagonists is receptor mediated, one 
should find that the tissue concentra- 
tion-response relation of a particular 
drug is related to its affinity for ocular 
8,-receptors. Comparison of two drugs 
with remarkably different affinity and 
similar pharmacokinetics could shed 
some light on this question. 

A number of clinical studies have 


1308 - Arch Ophthaimol—Vol 107, September 1989 


B-Adrenoceptor Blocker and a Cardioselective Blocker in 


been conducted of the ocular hypoten- 
sive effects of nonselective and selec- 
tive -adrenergic agents in human 
eyes. Berry and coworkers® compared 
these two classes of drugs and con- 
cluded that they were equally potent 
ocular hypotensive agents, as did 
Stewart and coworkers.’ However, 
Allen and coworkers? conducted a sim- 
ilar experiment and concluded that the 
8,-selective drug betaxolol hydrochlo- 
ride was less effective than the non- 
cardioselective drug timolol.? Other 
clinical studies? have been conducted 
that support the findings of Allen et al, 

but all questions about the relative ef- 
ficacy of these two subclasses of drugs 
in treating glaucoma have not been re- 
solved. Novack? has reviewed reports 
of these studies, pointing out that 
some studies have found no difference, 

and others have found the nonspecific 
drug to be more effective. We are 
unaware of any studies that have dem- 
onstrated greater effectiveness of a 6,- 

selective drug. 

In this study, we compared levo- 
bunolol hydrochloride and betaxolol, 
two drugs that differ in their affinity 
for ocular £,-receptors. A dose- 
response study was conducted with se- 
rial dilutions of commercial oph- 
thalmie preparations. The rate of flow 
of aqueous humor was measured in 20 
volunteers at hourly intervals in the 
morning immediately after instilla- 
tion of the drug in one eye and a 
placebo in the fellow eye. Each treated 
eye was primed with an instillation of 
the drug every morning for 7 days be- 
fore the study to reduce the chances 
that observed differences would be due 
merely to differences in the rate of tis- 
sue distribution of the two drugs. 
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~'SUBJECTS:AND METHODS 


W normal human subjects entered 
rudy; 19 subjects completed the proto- 
col satisfactorily. & short medical and ocu- 
lar history was taken, and an ocular exam- 
ination was performed on each subject to 
exelide people with ocular abnormalities, 
: systemic diseases affecting the eyes, or 
asymmetry of intraocular pressures 
greater than 2 mmHg. Also excluded were 
people whe hed asthma or chronic obstruc- 
tive pulmonary disease, diabetes mellitus, 
subjects who were contact lens wearers, 
pregnant or nursing women, and women of 
- childbearing potential who were not using 
ese birth oniro techniques. rer 




















baoreth was administered. Po- 
ened ere systemic medie 


‘antibiptics: were. perke] No E was 
permitted to reeelve any medication, in- 
eludingaleohel, for at least 24 hours before 
testing. Subjects were asked not to ingest 
caifeine-containing foods or beverages on 
the days fluorephotometry was performed. 
Before the:study, ail subjects gave written 
informed consent. 

- Twenty subjects were enrolled in the 
study, but 1 subiect did not complete the 
. Study because of aa unrelated medical ill- 
ness, “Fhis subiect’s:incomplete data are ex- 
cluded from the analyses. All subjects were 
white: Ages ranged from 22 to 55 years, 
with a mean ageof 38 years. Nine subjects 


“had blue or green irides; 10 subjects had 


brown prides. Nine subjects were men, and 
10 were women. 


Administration of the Drug 


The ophthaimic solations were prepared 
from commercial 0.5% levobunolol (lot 
316J, Allergan Pharmaceuticals Ine, Irvine, 
Calif} and betaxolol ilot 2-LDAX, Alcon 
Laboratories lnc, Fart Worth, Tex). Diluent 
for concentrations iess than 0.5% was pre- 
pared according to a proprietary oph- 
thalmic formula. The placebo solution was 
drug-free diluent. Goncentrations in the di- 
lutions were (167%, 6.05%, and 0.017% for 


æ each drag. The 0.5% solutions were the un- 
altered 





commercial formulations. Drug- 
containing selutiens and placebo were 
packaged idertically and identified by code. 
Every dose of drug and placebo was admin- 
isterec to every subject by the investigators 
(N.S Wand G:R.G.:. A dose consisted of one 
drop (0.93 mL) applied to the middle of the 
inferior cul-de-sac followed by lid closure 
for 2 mvinutes. The investigators and sub- 
jects id not know which eye received the 
drug er which drug was being tested until 
collecten of data and analyses were com- 
plete. At the conclusion of the study, the 
concertrations of ail salutions were verified 
by chemical assay for one randomly chosen 
subject's betaxolol solutions and another 


Bo subject's levobumelol solutions. Unused 





_ drug in the original commercial packages 
` was used as the standard for the assays of 
drug ia. the ceded eontainers. 
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Sequence 


Baseline flow measurement 
Treatment week, 0.017% 
Flow measurement 
Treatment week,0.05% 
Flow measurement 
Treatment week, 0.167% 
Flow measurement 
Treatment week, 0.5% 
Fiow measurement 
Fiow measurement 48 h after last dose 
Fiow measurement 1 wk after last dose 
Five additional ks of washout 








Baseline flow measurement 





3.00 


2.25 


®© Betaxolol Drug Eye 
© Betaxolo! Placebo Eye 
Å Levobunolol Drug Eye 


Mean Flow Rate, uL min@' 


A Levobunolol Placebo Eye 


1.50 


Baseline 0.017 





Repeat treatment sequence as shown above 


0.050 











Betaxolo! 
hydrochloride 


Levobunolok. 
hydrochicride 


















Betaxolo! Levobunolol = : 





0.167 0.500 , 





Drug Dose, % 


Time After Last Dose 


Fig 1.—Mean aqueous flow for drug-treated and placebo-treated eyes. See: Table 2 for statistical 


significance. 


A double-masked randomized, crossover 
design was used. Either the right eye or left 
eye of a subject received the drug, and that 
eye received all doses of each drug while in 
turn the fellow eye received placebo. The 
treatment schedule is given in Table 1. Each 
concentration of each drug was applied once 
a day at 8 AM for 1 week. Lower doses of each 
drug were given first, so that each arm of 
the crossover was a dose-response curve for 
that drug. A 6-week washout period was al- 
lowed after the highest dose, and the mea- 
surement of flow was repeated. Half of the 
subjects were tested first with one drug and 
half were tested with the other. These pro- 
cedures ensured that the order of treatment 
did not affect the results. Aqueous flow was 
measured 2 days and 7 days after the last 
dose of the highest concentration of each 
drug to determine the rate of disappearance 
of drug action. 


Procedurés i 
Fluorophotometric n asurement of cor- 
neal autofluorescerce was performed, and 
the volume of the anterior chamber was 
measured in all subjects by photogramme- 
try. In all, 14 determinations of aqueous 
flow were made in eackxsubject. One deter- 
mination was made before treatment with 
either drug. Subseeuent measurements of 
aqueous flow were performed on the sev- 
enth day of treatment of each concentration 
of each drug. Twe determinations were 
performed during tue first week of offset of 
drug action for each drag, at 2 days and 7 
days. 

The procedure used to measure aqueous 
flow for each determination was the same. 
A scanning ocular fuorsphotometer, as de- 
scribed by McLaren and Brubaker," was 
used. The subject instiiled one drop (0.03 
mL) of 2% fluoreseein ‘into each eye four 
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© Betaxolol Drug Eye 
O Betaxolol Placebo Eye 
åA Levobunolol Drug Eye 
Â Levobunolol Placebo 


Response, % Suppression 


0.017 


0.050 


Eye 





0.167 0.500 


Dose Concentration, % 


Nominal 





day, one subject received 8 days of treat- 
ment with 0.5% levobunolol, and one sub- 
ject received 10 days of treatment with 
0.05% betaxolol. Similar difficulties made it 


Fig 2.—Mean aqueous suppression for drug-treated and placebo-treated eyes. Betaxolol hydro- 
chloride and levobunolo! hydrochloride suppress aqueous flow when used in concentrations of 
0.050% or greater. When commercial strength drug is used (0.500%), levobunolo! suppresses 


necessary for two subjects to have their 
seventh day washout measurement on day 
8 of washout, one after betaxolol adminis- 


aqueous flow more than betaxolol (P < .005). 





Betaxolol Hydrochloride 


(n = 19) 


JAAT DA AAi EEEE AAi N aian aaO, 
Placebo Eyes 


Treated Eyes 


Levobunolol Hydrochloride 

{n = 19) 
greenene aaee N oaaae aiaeei 
Treated Eyes Placebo Eyes 


Flow No. A B B c D 
i (baseline) 2.74 + 0.55 2.64 + 0.64 2.61 + 0.48 2.71 + 0.43 
2 (0.017%) 2.67 + 0.55 2.80 +0.75 2.40 + 0.52łł 2.76 + 0.68 
3 (0.05%) 2.40 + 0.41t# 2.71 + 0.43 2.23 + 0.46t¢ 2.70 + 0.59 
4 (0.16%) 2.25 + 0.43tt 2.73 + 0.61 209+ 056t¢ 2.68 + 0.59 
5 (0.500%) 2.28 + 0.44¢4§ 261+ 066 1.78 + 0.44t4§ 2.47 + 0.60 
6 (48 h after 

last dose) 2.52 + 0.303§ 2.67 + 0.35 1.98 + 0.38t+§ 2.83 + 0.77 
7 (7 d after 

last dose) 2.90 + 0.66§ 2.81 + 0.64 2.29 + 0.67t4§ 2.65 + 0.76 


* Values are flow in microliters per minute + SD. Statistical significance is indicated by daggers when P < 05; 
t tesi for paired samples. For flow 6A and 6B, n = 18. Percentage given in brackets indicates concentration. 


tTreated vs placebo eye at same time. 
+Treated vs baseline of same eye. 










- times at 5-minute intervals beginning at 2 
_ AM the day of the measurement. Six fluoro- 
photometric measurements of corneal and 
anterior chamber fluorescence were made 
~ at l-hour intervals starting at 8 Am, imme- 
- diately after drug instillation. 
~ Clearance of fluorescein was calculated 
_ from the change in mass of fluorescein in 
. the combined cornea and anterior chamber 
eye (AM), the time between measurements 
of mass (At), and the average fluorescein 
concentration in the anterior chamber dur- 
_ing the interval (Ca): 


Clearance = AM/Ca.- At 


Flow was calculated from clearance by 
` subtracting an assumed normal value for 
_ the rate of diffusional clearance in the hu- 
man eye’; 


Flow = Clearance — 0.25 wL/min. 


§Betaxoiol- and levobunolol-treated eyes vs levobunolol-treated eyes. 


Analysis of Data 


For each concentration of each drug, the 
treated eye was compared with the placebo- 
treated eye and with itself at the baseline 
measurement. Statistical significance was 
determined using the one-sided ¢ test for 
paired samples. When the effect of one drug 
vs the other was compared, the two-sided 
test was used. 

The coefficient of variation of the mea- 
surement of flow is approximately 20%. 
Thus, a sample size of 19 subjects can detect 
a drug-induced decrease in flow of 14% or 
greater with 90% probability (a=.05, 
B=.10).8 


Deviations From Protocol 


Deviations from the protocol were few. 
Because of technical difficulties of obtain- 
ing a measurement of flow on the assigned 
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tration and one after levobunolol adminis- 
tration. One subject missed the 48-hour 
washout measurement for betaxolol en- 
tirely. The statistical conclusions are the 
same whether this subject is included or 
excluded, and except for the one missed 
measurement, this subject’s data are in- 
cluded in the analyses we report. 


RESULTS 


Figures 1 and 2 and Table 2 summa- 
rize the effects of therapy with betax- 
olol and levobunolo! for both placebo- 
treated and drug-treated eyes. The 
data show that both betaxolol (in con- 
centrations =0.05%) and levobunolol 
(in concentrations =0.017%) signifi- 
cantly lower aqueous flow when ap- 
plied topically to the eye. Levobunolol 
continues to decrease aqueous flow for 
1 week after its last instillation 
(P < .05). Levobunolol has the greater 
effect on aqueous flow at all concen- 
trations. When compared separately 
at each dose, the observed differences 
of the two drugs are statistically sig- 
nificant at the 0.5% concentration 
(P < .005), 2 days following the last 
dose of 0.5% (P < .001), and 7 days fol- 
lowing the last dose of 0.5% (P < .01). 
The concentration of all eight solu- 
tions at the end of the study is shown 
in Table 3. 

No subject experienced cardiac or 
pulmonary side effects from either 
drug. One subject experienced dull 
headaches, and one subject experi- 
enced episodic nausea while receiving 
betaxolol. Three subjects experienced 
a burning sensation in both eyes from 
instilling the study solutions and fluo- 
rescein. Seven subjects experienced 
stinging or burning from the betaxolol 
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-solutions oniy, and three subjects ex- 
-_perienced stinging or burning from the 
-Jevobunolol solutions only. No subject 
experienced stinging or burning from 
the placebo solutions only. 






COMMENT 


o: Several observations can be made 
fromthe data. First, both drugs reduce 
the rate of aqueous flow when used at 

a concentration of one tenth the con- 

centration used for glaucoma and, in 

=the case of tevobunolol, at a concen- 

-tration of one thirtieth the customary 

“therapeutic concentration. Second, the 

‘noneardioseiective adrenoceptor an- 

~tagenist has the greater effect of the 

two at all concentrations. Third, the 

- nonselective drug has the longer dura- 

on of action. Also, levobunolol seems 

‘to have an almost detectable effect 

on the fellow eye at full strength 

{P = 08). 

- The reason for comparing the two 
drugs was tc look for evidence that the 
relative strength of each member of 

_this-class of drugs is proportional to its 
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affinity for 6,-receptors, other factors 
being equal. Although the relative po- 
tency of the two drugs is in the direc- 
tion one would expect, the dose-re- 
sponse curves reveal much greater 
similarities between them than would 
be expected from the hypothesis; the 
receptor affinity of the two drugs in rat 
pulmonary membranes differs by a 
factor of 500,4 yet their in vivo po- 
tency, as judged by the difference in 
their dose-response curves in this 
study, differs roughly by a factor of 
3 


The study shows that the pharma- 
eokinetics of the two drugs are not 
identical, since one has prolonged ef- 
fects and the other does not. This dif- 
ference notwithstanding, it is difficult 
to reconcile the present results with 
the difference in receptor affinity re- 
ported by Phan and coworkers.” At 
least three hypotheses are compatible 
with the experimental results: (1) hu- 
man ocular §.-adrenoceptors are sig- 
nificantly different from those of rat 
pulmonary membranes in the relative 
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affinity of these two drugs for these — 
receptors; (2) the action of these drugs 
on aqueous formatioa is not mediated © 
entirely or in part via 8,-adrenocep- 
tors; or (3) the kinetics of the two drugs © 
in the relevant microenvironment of 
the human eye are dissimilar. 

The study corroborates the pub- 
lished clinical studies of the ocular hy- 
potensive effects of noncardioselective — 
and cardioselectwe adrenoceptor an- 
tagonists that have shown a relatively _ 
greater effect on intraocular pressure _ 
of the nonselective drugs. The study- 
also demonstrates that levobunolol — 
can have prolonged effects as has been | 
observed for timoldi™ but that this 
property is not aecessarily universal © 
for adrenoceptor antagonists. “ag 
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A Sign of Maternal Diabetes 


= © In a review of 10 patients with supe- 
_tior segmental optic nerve hypoplasia, all 
of whom were the children of diabetic 
‘mothers, 17 of 20 eyes had one or more of 
“four characteristic findings in the optic 
disc: relative superior entrance of the 
central retinal artery, pallor of the superior 
~- disc, superior peripapiliary halo, and thin- 
-ning of the superior peripapillary nerve fi- 
ber layer. We believe that the presence of 
these four signs of superior segmental op- 
tic nerve hypoplasia strongly suggests 
maternal diabetes. 

(Arch Ophthalmol. 


ue 1989; 107:1312- 
1315) 


a Petersen and Walton’ described a 

_ “syndrome characterized by segmen- 
-tal optic nerve hypoplasia, altitudinal 
_ or sector visual field defects, and nor- 
mal visual acuity in 17 children of di- 
. abetic mothers. Nelson et al? published 
fundus photographs of 4 women with 
_ this syndrome. Bjork et al’ described 3 
men with bilateral optic nerve hy- 
: poplasia, inferior visual field defects, 
-and normal visual acuity; the mother 
-of 1 man, who was not identified spe- 
cifically, was diabetic during preg- 
nancy. In this report, we document and 
compare the appearances of the optic 
_dises in 17 eyes of 10 patients with ma- 
-ternal diabetes-segmental optic nerve 
hypoplasia syndrome. 


neen enamning 
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Superior Segmental Optic Hypoplasia 


-Robert Y. Kim, MD; William F. Hoyt, MD; Simmons Lessell, MD; Michael H. Narahara 


PATIENTS AND METHODS 


In patients being evaluated for inciden- 
tally discovered visual field defects, we 
identified 10 adults with superior segmen- 
tal optic hypoplasia, all of whom were born 
of mothers with insulin-dependent diabetes 
mellitus. There were 8 women and 2 men. 
Seven had bilateral and 3 had monocular 
inferior visual field defects. All had normal 
visual acuity. There was additional periph- 
eral field loss in 6 eyes with inferior field 
defects. Fundus photographs were taken of 
the optie dises in the 17 affected eyes. 






Ophthaimic 
Finding 
Dense 
inferior 
field 
defect 
Additional 
fieid 
loss 
Superior 
disc 
entrance 
of CRA 
Superior 
scleral 





-$ 


Iruna eera reina arnyn aeea: 


TTAR N A anann, 






disc 
pallor 
Superior 
NFL 
loss | 
Generalized 
disc 





aA Aeterna nari r A fm a nma 


dicates central retinal artery; NFL, nerve fiber layer. 
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‘Patient No./Sex, Eye 
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“All eyes had 20/20 visual acuity. in patients 8 through. 





RESULTS 
Analysis of 17 Optic Discs 


In 15 of 17 optie dises, the central — 
retinal artery entered relatively supe- 
riorly (Table). Superior segmental hy- 
poplasia with pallor and an adjacent 
pale scleral “halo” was seen in 13 of 17 
discs; generalized hypoplasia was 
noted in 7 of 17 dises. The superior 
peripapillary nerve fiber layer was 
thinned in all 17 fundi. Generalized 
arteriolar tortuosity was present in 






8/F, 9/M, 10/F, 
L L L 



































10, the other unaffected eye was normal. CRA in- 
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Fig 1.—Photographs of bilateral superior segmental optic hypoplasia from three patients. 
The top pair is from the patient whose history is summarized in the text. The black arrows 
indicate the upper edge of the discs as determined by viewing corresponding color trans- 
parencies. The broken white lines indicate the level of the entrance of the central retinal 
arteries. Note the superior scleral haloes and thinness of the superior peripapillary nerve 
fiber layers. 


Arch Ophthalmol—Vol 107, September 1989 Optic Hyp@lasia—Kim et al 





1313 





Fig 2.—Photographs of three pairs of discs showing additional features of superior seg- 
mental optic hypoplasia. Note arterial tortuosity in the top pair and unilateral involvement 
in the middle pair (left eye). Note the additional feature of generalized hypoplasia in the 
bottom pair. Black arrows show top edge of the discs. Broken white lines show the level 
of entrance of the central retinal arteries. 
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Fig 3.—Bilateral inferior field defects in a patient with superior segmental optic hypoplasia. 


two patients. Eleven optic discs were 
flat, without an optic cup; the remain- 
ing 6 discs had small but identifiable 
cups. Photographs of 6 pairs of optic 
discs with typical ophthalmoscopic 
features of superior segmental optic 
nerve hypoplasia are shown in Figs 1 


Report of a Typical Case 


Asymptomatic, dense, bilateral, inferior 
visual field defects were noted incidentally 
on routine eye examination of a 29-year-old 
woman. On questioning she recalled that 
for as long as she could remember she would 
occasionally stumble over objects lying on 
the floor. During her pregnancy she had an 
episode of transient diabetes mellitus; her 
mother had insulin-dependent diabetes 
mellitus (since age 5 years). 

Her best eorrected visual acuity was 
20/20 OU, and her color vision was normal. 
Pupils reacted briskly to light. Automated 
threshold perimetry (Humphrey central 
30-2 pregram) showed bilateral inferior vi- 
sual field defects (Fig 3). Both optic discs 
showed superior segmental hypoplasia, 
with relative superior displacement of the 
entrances of the central retinal arteries, 
superior disc pallor, superior scleral haloes, 
and thinning of the superior peripapillary 
nerve fiber layers (Fig 1, top). 


COMMENT 


We believe that superior segmental 
optic nerve hypoplasia, morphologic 
features of which have been analyzed 
in this report (Fig 4), is ophthalmo- 
scopically recognizable and its pres- 


1. Petersen RA, Walton DS. Optic nerve hy- 
poplasia with good visual acuity and visual field 
defects. Arch Ophthalmol. 1977;95:254-258. 

2. Nelson M, Lessell S, Sadun AA. Optic nerve 
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ence strongly suggests maternal dia- 
betes. The characteristic disc findings 
occur bilaterally more often than uni- 
laterally and occur in women more of- 
ten than in men. In some patients, su- 
perior segmental hypoplasia may be 
part of a more generalized optic nerve 
hypoplasia. The visual acuity is usu- 
ally normal. Inferior visual field de- 
fects are present, but additional pe- 
ripheral field loss may occur as well; 
typically, patients are not aware of 
their field defects. 

Petersen and Holmes‘ specifically 
addressed the question of the fre- 
quency of occurrence of optic nerve 
hypoplasia in children of diabetic 
mothers. None of the 28 children in 
their series had optic nerve hypopla- 
sia. Based on the small number of pa- 
tients in their study, the frequency of 
occurrence of optic nerve hypoplasia in 
children of diabetic mothers appears 
to be low. Because the ophthalmo- 
scopic findings are subtle, however, the 
frequency of occurrence may be higher 
than suggested by their results., 

We do not know why some children 
of diabetic mothers should be born 
with visual field defects, but the char- 
acter of the defects suggests some- 
thing about the localization of the 
problem. The visual field defects in our 
patients had features that are not typ- 
ical of arcuate scotomas seen in ac- 
quired diseases of the optic nerve but 
appeared to be more typical of retinal 
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Fig 4.—Four disc findings in superior segmen- 
tal optic hypoplasia: elative superior entrance 
of the central retinal artery (top left), superior 
peripapillary scleral nale (top right), pallor of 
the superior disc (middle left), and thinning of 
the superior peripaoillary nerve fiber layer 
(middle right). The d-awing in the bottom por- 
tion of the figure is € composite of these fea- 
tures. 


field defects. For example, the visual 
field of the right eye of the “typical” 
patient described above had a blind 
spot-oriented defect, but the 
scotoma spared nuch of the inferona- 
sal field in a way that would not occur 
with a dense nerve fiber bundle defect. 
Normal retinal development appears 
to have been regionally impaired in our 
patients. The urderlying problem in 
the superior retiaa could be the result 
of primary failure of the ganglion cells 
to develop or could represent the loss 
of developed ganglion cells by fetal 
vascular insult ar seme other mecha- 
nism. 
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Automated Kinetic Perimetry 


With Two Peripheral Isopters in Glaucoma 


Kevin N. Miller, MD; M. Bruce Shields, MD; Anita R. Ollie, COT 


@ An automated perimeter (Fieldmas- 
ter 5000) was used to measure the central 
30° of vision with static targets (supra- 
thresholding with quantification of de- 
fects) and the peripheral visual field with 
two kinetic stimuli in 599 eyes of 362 
patients with glaucoma or a suspicion of 
glaucoma. The purpose of the study was 
to compare the additional information 
gained by measuring the peripheral visual 
field with two isopters against the time 
required for this extra examination. The 
peripheral visual field supported the diag- 
nosis made by central testing in approxi- 
mately one fourth of all eyes and added 
additional diagnostic information in 
another quarter of the cases. In 7% of the 
total population, or 11% of eyes with 
abnormal fields, a normal central field 
was associated with a glaucomatous 
peripheral defect. Half of the latter eyes 
had corresponding glaucomatous optic 
disc changes. The more sensitive isopter 
uncovered the vast majority of the periph- 
eral field defects. Measurement of each 
isopter accounted for 22% of the total 
testing time. 

(Arch Ophthalmol. 
1320) 


1989; 107: 13 16- 


hee glaucoma, automated perimetry 

provides a more sensitive and 
reproducible measurement of the 
visual field than manual techniques. 
However, since automated testing 
strategies are time consuming, visual 
field examinations are often limited 
to the central 30°. 

Although the majority of glaucoma- 
tous visual field defects are detected 
first in the central 30°, peripheral 
field testing may sometimes reveal 
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early glaucomatous defects despite a 
normal or equivocal central field. Sev- 
eral programs are available for mea- 
surement of the peripheral field with 
automated perimeters. In clinical 
practice, however, these do not seem 


to be commonly used, possibly because 
they are thought to be either too time 
consuming or not sufficiently sensi- 
tive to be used in combination with 
central field testing. To be clinically 
useful, peripheral field testing must 


Fig 1.—Visual field printout from Fieldmaster 5000 automated perimeter shows normal central 
30° as determined by static testing and full peripheral field as measured with two kinetic stimuli. 
Numbers along ordinate and abscissa indicate degrees from fixation. A's and B's indicate points 
at which kinetic targets were first seen. X's in central 30° indicate that static target was seen 
within 5 dB of presumed normal threshold, while numbers beside X’s provide stimulus values in 


decibels that were required to see those targets. 
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a ; gnificant information to that of 
- al at ee without adding 


7 hi Fieldmaster 5000 is an auto- 
ated perimeter that can test the 
30° statically and measure the 
peripheral visual field with kinetic 

targets. The parpose of the present 
study was to evaluate the additional 
information gained from kinetic test- 
in eripheral field with two 
o stimuli, using this instrument, 
against the time required for the 
: extra examination. 


” "MATERIALS AND METHODS 


he Fieldmaster 500) is an automated 
ter that combines static testing of 
central visual feld with kinetic mea- 
sment of the peripheral field. Targets 
` are projected onto a 300-mm bowl with a 
p background illursination of 31.5 apostilbs. 
Fixation is monitored by a corneal light 
reflex technique that automatically inter- 
rupts the testing if fixation is lost. A 
‘television moritor is also available to 
observe patient fixation., 
"Phe program ased for static testing of 
the. central 30° in this study checks 80 
‘points, utilizing aa adaptive technique 
with a presumec normal retinal threshold 
. -eonteur for the patient’s age based on 
studies of normai individuals. Grid separa- 
‘tion is 6° with efisets from the horizontal 
and vertical midlines ef 3°. A strategy of 
æ suprathresholding with quantification of 
defects was used. the initial presentation 
for each point is 5 dB above the presumed 
‘normal threshold, and only those locations 
in which the targets not seen on the first 
test are thresholded with a double-crossing 
technique. 

For the kinetic tests, a sophisticated 
computer program is used first to deter- 
mine the more peripheral target (A isop- 
ter). The stimulas value of this target is 
developed with an algorithm and strategy 
‘that have bees previously described.’ 
‘Determination ef the stimulus value for 
the second, mort sensitive target (B isop- 
ter) utilizes the meridian, among the ini- 

tial 12 tested for the A isopter, in which 
he target was seer farthest from fixation, 
-The Bisopter target is the stimulus that is 
geen more tham 12° central to the corre- 
sponding A isepver target, but greater than 
30° from fixation. If a target can satisfy 
these criteria, << is used to measure the 
other 11 meridians. Additional meridians 
are also teste when adjacent points, 
among the imtial 12, differ significantly, 
“as previously deser ibed for the measure- 
“ment. of the A: isepter.' 
o The subjects m this study were consecu- 
: tive patients whe were seen in the glauco- 
ma service at Dake University Eye Center, 
Durham, NC, with established glaucoma or 
a suspicion of giaucoma on the basis of an 
elevated intraceular pressure or appear- 
ance of the optic nerve head. Most patients 
ad been tested'with the Fieldmaster 5000 
previously, ard all had previous experience 
ith: ather autcmated or manual perimet- 
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Fig 2.—Central 30° static test (at top) separated from peripheral kinetic tests (at bottom) for 
independent interpretation in present study. (See Fig 1 for explanatior of printout.) 


ers. All of the visual fields were performed 
by one of us (A.R.0.). 

In routine use, the peripheral and cen- 
tral portions of the visual field are record- 
ed on the same computer printout (Fig 1). 
For this study, however, the two parts 
were printed separately so they could be 
interpreted independently of each other 
(Fig 2). The A and B isopters were also 
interpreted separately. Two of us (K.N.M. 
and M.B.S.) interpreted the fields with 
predetermined criteria that placed each 
part of a field into one of three categories: 
(1) normal, (2) questionable defect, or (3) 
glaucomatous defect (Tables 1 and 2). 

The data were analyzed separately for 


right and left eyes. For those patients who 
had a normal central field with a glauco- 
matous peripheral ñeld, stereoscopic pho- 
tographs of the optie nerve head were 
reviewed with regard to a correlation 
between dise and field damage. 


RESULTS 


Five hundred rinety-nine eyes (300 . 
right and 299 left) of 362 patients 
were included in the study. The — 
results of the peripheral and central 
visual field testing are shown in Table 
3. Thirty-five perceat of right eyes 
and 32% of left eyes had a normal 
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= interpretation 
Normal 
Questionable defect 
Nasal hemianopic offset 
Peripheral constriction, other 
than nasal quadrant 


Glaucomatous defect 
Nasa! step 
Nasal peripheral constriction 


Temporal hemianopic offset 10° 












interpretation 


Normal 

Questionable defect 
Paracentral depression 
Enlarged blind spot 


Peripheral depression 
Central depression 
Diffuse depression 
Glaucomatous defect 
Paracentral scotoma 
Seidel's scotoma 
Arcuate scotoma 
Nasal step 





central and peripheral field. Of those 
eyes with a field defect, the peripheral 
field supported the diagnosis made by 
the central field in 24% of right eyes 
and 24% of left eyes (Fig 3) and added 
additional information in 25% of 
right eyes and 28% of left eyes. 

Forty-two eyes (16 right and 26 left) 
had a normal central field with a 
glaucomatous peripheral defect (Fig 
4). These 42 eyes represent 7% of all 
the eyes studied and 11% of the eyes 
with abnormal visual fields. They also 
represent 14% (11% right and 16% 
left) of eyes with normal central 
fields. Half of the 42 eyes had a corre- 
sponding glaucomatous defect of the 
optic nerve head. 

The B isopter was much more fre- 
quently abnormal than the A isopter 
(Fig 5). Of the 302 eyes with an abnor- 
mal peripheral isopter, only seven 

-eyes had a normal B isopter and an 
abnormal A isopter. 

_ Separate testing times for the cen- 
tral field, A isopter, and B isopter 
were recorded for 71 patients. The 
means and ranges of these testing 
times are listed in Table 4. The time 
required to measure the two peripher- 
al isopters accounted for 44% of the 
_ total testing time, with each isopter 

accounting for half of this time. The 
range of testing time for the central] 
field was 2.3 to 20.1 minutes, while the 
combined range of testing time for 


None of the following defects 


10° or more offset nasal to vertica: midline 

A isopter inside 50° temporally, 40° inferiorly, or 30° 
superiorly; B isopter inside 40° temporaily, 30° inferiorly, 
or 30° superiorly 


10° or more offset above or below horizontal nasal midline 
A isopter inside 30°: B isopter inside 30° 

Temporal sector defect 20° or more defect toward blind Spot in temporal quadrant 
or more offset temporal to vertical midiine 





None of the following defects 


2-5 noncontiguous defects in Bierrum's area 

2-5 contiguous defects adjacent to blind spot, but not all in 
Bierrum's area 

=.3 contiguous defects peripheral to Bierrum’s area 

Defects central to Bjerrum’s area 

Defects of similar magnitude throughout field 


2-5 contiguous defects in Bjerrum's area 

2-5 contiguous defects adjacent to blind Spot in Bierrum’s area 
=.6 contiguous defects in Bjerrum’s area (single or double) 

= 2 defects above or below horizontal midline in nasal periphery 


Criteria 








Criteria 








both peripheral isopters was 2.1 to 
12.0 minutes. 


COMMENT 


Many investigators have studied 
the clinical significance of peripheral 
visual field defects in glaucoma. Using 
manual techniques, Le Blane and 
Becker? and Werner and Beraskow? 
demonstrated isolated peripheral na- 
sal steps in 11% and 4.6%, respective- 
ly, of eyes with glaucomatous field 
loss. Caprioli and Spaeth‘ used auto- 
mated static techniques to study the 
central 30° and the nasal periphery in 
glaucoma. Seven percent of their 
patients with a normal central field 
demonstrated a peripheral nasal 
defect that had a corresponding glau- 
comatous optic dise abnormality. Oth- 
er authors have also evaluated periph- 
eral field testing in glaucoma.‘ 

Despite the occurrence of isolated 
field defects outside the central 30° in 
many patients with glaucoma, the 
peripheral field is usually not routine- 
ly tested. One reason for this is that 
testing times can be excessive when 
examining the entire visual field, 
especially when automated, static 
techniques are used. To be clinically 
effective, measurement of the periph- 
eral visual field must add significant 
information to that acquired from 
testing of the central 24° to 30° with- 
out adding excessive time to the pro- 
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interpretation 








Questionable centrai 
and periphera! 

Glaucomatous central 
and questionable 
peripheral 

Glaucomatous central 
and peripheral 


91 (15) 





Questionable 
peripheral and 
normal central 
Giaucomatous 
peripheral and 
questionable central 
Glaucomatous 
peripheral and 
normal centrai 





66 (11) 
51 (9) 


42 (7) 


* Abnormal peripheral visual field refers to defect in 
either A or B isopters or both. 


cedure, which can cause patient 
fatigue and reduced reliability of test 
results. 
Stewart et al’ used the Fieldmaster 
5000 perimeter to study the additional 
information obtained by automated, 
kinetic peripheral field testing in con- 
junction with static testing (supra- 
threshold with quantification of 
defects) of the central 30° in glaucoma 
patients and glaucoma suspects. A sin- 
gle peripheral isopter was measured 
in the same manner described for the 
A isopter in the present study, and the 
central field was tested with a fast- 
thresholding technique as also used in 
this study. The peripheral isopter sup- 


ported the diagnosis made by statie ~ 


testing of the central field in approxi- 
mately one fourth of the cases and 
added diagnostic information in 
another fourth, but provided the prin- 
cipal diagnostic information in only 
4.2% of cases, while accounting for 
28% of the total testing time. 

We used the same Fieldmaster 5000 
perimeter to see if a second, more 
sensitive, peripheral kinetic target 
might increase the yield of diagnostic 
information gained from measuring 
the peripheral visual field, beyond 
that obtained by automated static 
testing (suprathreshold with quantifi- 
cation of defects) of the central 30°. 
We used the same basic criteria as 
described in the previous study to 
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3 + Superior nasal step in peripheral 
ters (esp y B Pe supports glag: 






defe sauki be considered glauco- 
mateus or questionable in nature, 
-which are similar to criteria that have 
‘been described in previous re- 
ports? 
oe Simil lar te the single isopter study, 
peripheral visual field with an 
al, more sensitive isopter sup- 
d the diagnosis from testing of 
tral Geld in about one fourth of 
ss and added additional diag- 
information in another one 
of cases. With the additional, 
ore sensitive isopter, however, 11% 
ed the eyes with abnormal fields had a 
~ ‘normal central field with a glaucoma- 
tous. peripheral defect. 
The glaucomatous peripheral de- 
4 fects with mormal central fields may 
have represented false-positive find- 
gs im some cases, since only half of 
ese had corresponding apparent 
glaucomatous optic nerve head 
ne -chal Es. Measures were not taken iñ 
< this stady to prevent the nose from 
obstructing the nasal field, which may 
have influenced the rate of false-posi- 
ca tives. Nevertheless, even some of the 
~~ @ases with undetected optic nerve 
head abnormalities may have repre- 
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‘sented true, subtie glaucomatous field 70 
defects. 
= Etis alse possible that more central 68 
defects might have been discovered in 
the present study if a full-threshold- se 
ing technique had been used with the 
‘static program, rather than thresh- 40 
-olding only those points that deviated 
: more than 5«dB above the anticipated 38 M y Pe ham 
norm. However, in a study with the / ee j 
field analyzer Model 630 (Humphrey 20 ees ae ee Se 
Instruments: San Leandro, Calif), i; A a, RE ee 
mm comparing full thresholding of the 18 A x MX KK XK XK KK X 
“ centra 30° with thresholding of x x km x eK K K RK K RK 
defective areas only, the latter test 8 A aad E E E E gee 
_. failed to establish the diagnosis made ` g“ 
-by the former in 18 of 104 cases, while 10 A E eee ee 
requiring arproximate: y one third as FE TR, I NS AR 
“much time.’ It would be anticipated, -28 HSK X X X X xX x 
- therefore, that if full thresholding k X x 
had been used tc measure the central -38 a 
-80° in the present study, a higher 
-percentage of central defects would -48 
_ have been detected, thereby reducing 
_ the relative. diagnostic significance of -58 


T N EE VO E ON field with suggestion of 
.- Glaucomatouws peripheral defect on basis of 
<5 Nasabconstriction and superior nasal step with 
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_  Fig:5.— Questionable superior paracentral defect by central static test and normal peripheral 
a field with A isopter but definite Superior nasal step with B isopter. (See Fig 1 for explanation of 
printout.) 











wE = Central 30° Alsopter Ž B isopter 
CT Mean, min | 5.8 Er 23 
=|- Range, min 2.3-20.1 1.1-5.8 1.0-6.2 

| | -ta of total testing time 56 22 22 


the peripheral test. The total testing 
time, however, would have been great- 
y increased. 

The information gained by testing 
the peripheral field in glaucoma must 
be weighed against the time required 
for this additional examination. In the 
current study, peripheral field testing 
with two isopters required an average 
.dditional time of 4.5 minutes per eye. 
This. represented 44% of the total 
testing time. Testing time is undoubt- 
diy influenced by the population 


being studied, although it was of 
interest that the ratio of time 
required for central and peripheral 
testing was similar for normal and 
abnormal fields. 

Other testing strategies might pro- 
vide a more efficient. use of time when 
testing the peripheral field in glauco- 
ma. Since the vast majority of periph- 
eral defects were seen with the more 
central isopter, elimination of the 
more peripheral isopter would lessen 
testing time without sacrificing sig- 
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nificant information. Also, most 


peripheral glaucomatous defects were 
present nasally, so that testing only 
the nasal portion of the isopter would 
also streamline the examination in, 
glaucoma. 

This study leaves many unanswered 
questions. It was not possible to ana- 
lyze the data in terms of specificity 
and sensitivity, since no independent 
determination as to which patients 
actually have early glaucoma is avail- 
able. The question as to what visual 
field test should be used in a commu- 
nity screening setting or in a clinical 
office remains a difference of opinion 
among clinicians. The data provided 
in this study, however, may be of 
value as debates and discussions on- 
this issue continue. 


The authors have no proprietary interest in 
the perimeter or programs used in this study. 
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Posterior Vitreous Fluorophotometry 


I. Description of a New Analysis Procedure and Results in Norma Subjects 


“Peter M. Bungay, PhD; Monique S. Roy, MD; Robert F. Bonner, PhD 


-A new automated analysis procedure 
as used to evaluate the apparent blood- 
retinal barrierpermeability (mean + SD = 

4.31 + 0.31 2 107 cm/s at 60 minutes 
after intravenous dye administration) and 
the effective. diffusivity (mean + SD = 
0.88 + 0.40 Z 10°* cm’ /s) for fluorescein 
in the vitreous of 21 normal subjects. The 
analysis improvements include (1) use of 
“an individualized convolution (spread) 
-function for each eye in comparing simu- 
fated and experimental scans, (2) separa- 
tion of vitreous and chorioretinal fluores- 
cence, and (3) precise determination of 
vitreous position relative to the retina. The 
average reproducibility in six subjects was 








kx 23% for permeability and 22% for diffusiv- 


“ity based on repeated determinations sep- 
arated in time by at least a week. Diffusiv- 
ity values, but net permeability values, 
significantly associated in comparisons of 
first and seccnd:determinations, suggest- 
ing permeability may fluctuate in time 
while diffusivity remains relatively con- 
stant. The Huorescence at 3 mm anterior 
to the retina (commonly employed as a 
_ measure of blood-retinal barrier leakiness) 
was strongly associated with diffusivity. In 
contrast, the anticipated association be- 
‘tween permeability and 3-mm_ fluores- 
cence was weak or absent. 

| _ Arch Opitkaimal. 1989; 107: 1321-1327) 


z A major difficulty in posterior vit- 
7 reous fluorophotometry (PVF) is 
that fluorescence originating from the 
-dye in the vitreeus is confounded by 
- fluorescencevriginating from adjacent 
` structures, particularly the retina, but 
_ possibly the choroid and lens as well. 
_ Thesuperposition of fluorescence from 
. Aceepted for publieation April 11, 1989. _ 
From the Bicmedieal Engineering and Instru- 
mentation Branch, Devision of Research Services 
{Drs Bungay and Bonner), and the Clinical 
Branch, National Eye Institute (Dr Roy), Na- 


a : fonal institutes of. Health, Bethesda, Md. 


Co. Reprint requests to Clinical Branch, National 
| Eye Institute, National Institutes of Health, Bldg 
: 10, Room 100419; Bethesda, MD 20892 (Dr Roy). 
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different locations arises from the fi- 
nite size of the sampling volume from 
which fluorescence is detected and 
from other optical effects. Because of 
these effects the scanning fluorometer 
output differs in shape from the dye 
concentration profile in the vitreous, 
even in the absence of other fluores- 
cence sources. 

The existing methods of PVF analy- 
sis differ in their treatment of these 
problems.'° One approach is to use the 
fluorescence in only a selected small 
portion of the vitreous away from the 
adjacent structures, eg, about 3 mm 
anterior to the retina. Although such 
measures are simple to obtain, all 
localized fluorescence values are influ- 
enced by a number of uncontrollable 
factors. Several methods’*’’ use a por- 
tion of the spatial fluorescence profile 
that is several millimeters in length 
but reject fluorescence values near the 
retina (eg, within 2mm) where most of 
the nonvitreous fluorescence is de- 
tected. The “optimized protocol’ at- 
tempts to correct the fluorescence 
measurements closer to the retina by a 
subtraction procedure. The subtrac- 
tion incorporates vitreous as well as 
nonvitreous fluorescence and hence 
overcompensates for the latter. In 
addition, the optimized protocol and 
related measures, such as “pene- 
tration ratio”’* and “permeability 
index” (PI) use a rectilinear average 
of the vitreous fluorescence that does 
not account for the geometry of the 
vitreous. 

We have developed an automated 
procedure" that distinguishes between 
the vitreous and nonvitreous fluores- 
cence and consistently accounts for the 
finite sampling (detection) volume 
size. The principal products of the 
analysis procedure are the values for 
apparent blood-retinal barrier (BRB) 
permeability (P) and effective dye-vit- 
reous diffusivity (D). We describe the 
analytical procedure and present re- 


sults obtained with the procedure 
when we reanalyzed the scans from 








our previously reported 
mal subjects." Results from diabetic 
patients with mir 





article.” 
SUBJECTS ANE METHODS 





Twenty-one normal mabjects were. stad: re 


ied. The mean (+ SD) age of the 11 women > B 
was 30.4 + 9.7 years with 5 blacks and 6 = 
whites, while that oi the 10 men was 


30.1 + 10.9 years with 2 blacks: and $ 
whites. Three of the women and 2 of. the 
men were myopic wth refractive errors be- 
tween —2.5 and —5.5 diepters. Other popu- 
lation mean characteristics of the normal 
volunteers were previcusly summarized,” 
All subjects gave imformed consent. 

A commercial vitreous fluorophotometer 
(Fluorotron Master [F31], Coherent Medi- 
cal, Palo Alto, Calif) was employed for all 
measurements. A preiniection FM sean was 
obtained for each eye before dye adminis- 
tration. Fluorescein sediam (14 mg/kg of 
body weight) was administered rapidly as 
an intravenous bailus. Stereo fluorescein 
angiographic photegraphs of the macula 
were obtained and minutes later a “bolus” 
scan was obtained for exch eye. Serial blood 
samples were withcrawn (approximately 6, 








30, 50, and 65 minutes after injection) from -` 


a vein contralatera: to the antecubital site 
of administration. Wits the aid of the FM 
cuvette attachmen:, tatal plasma fluores- 
cence was subsequent E 





minutes after injection, and again at 60 
minutes, a measurement scan was obtained 
for each eye, begianing always with the 


right eye. Six of the subjects underwent a a 


subsequent repeated flasrophotometry pro- 
cedure at least 1 week, but more typically 1 
year, after the first pracedure. 


Regression Analysis 


The output of the FM from 2 mm behind — 





to 7 mm forward ofthe highest value in the 


chorioretinal peak is simulated by a math- p 





ematical model. The simulation is fit to the — 
corresponding background- corrected por- 
tion of the measurement scan. We have 
chosen the most representative value for 
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ted cases of nor- 


imal or no retinopa- a 
thy are presented in a cog a 


: measured: in ali- K ; r 
quots diluted 400:1 with buffer. At about 20008 

























Fluorescence, ng/mL g 
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the background level to be the mean of the 
corresponding bolus scan readings over the 
- region 7 to 10 mm forward of the retina. The 
-principal products of the fitting process are 
_ values for two transport coefficients, a P 

and a D, to be defined below. 

The mathematical model begins with a 
set of equations formulated by Larsen et a}? 
to describe dye uptake and diffusion in the 
vitreous. The basis of these equations is an 
idealized representation of the BRB as a 
spherical film of infinitesimal thickness en- 
capsulating the vitreous. The passive con- 
tribution to vitreous uptake is driven by the 
_ difference between the free plasma concen- 
<o tration and the vitreous concentration at 
the interface with the retina. The coeffi- 
=> cient multiplying this concentration differ- 
©- enee is the apparent BRB P. We have mod- 
<. ified the equations to allow for the possibil- 
- ity of active transport of dye from vitreous 
_. to blood. The active transport is assumed to 
>. be driven by the vitreous-retina interface 
- concentration. To obtain results for passive 
<-P comparable with those of other investi- 
gators, we set the active transport coeffi- 
cient equal to zero unless otherwise indi- 
cated. Once the dye crosses the interface 
from retina into vitreous, it is assumed to 
- move purely by diffusion. This movement is 

_ characterized by the effective D. 

We use a solution to the model equations 
obtained by expressing the temporal varia- 
tion of the plasma concentration as a sum 
- of terms, each of which varies exponentially 
-in time, Much of the early rapid systemic 
distribution of fluorescein is over by the 
< time of our first blood sample. Hence, to re- 
duce the amount of computation we used a 
: single exponential fit to the total plasma 
fluorescence measurements, except where 
indicated. We assumed a plasma free-fluo- 
rescence fraction of 15%. , 

__ The portion of the model outlined above 
generates a spatial profile of fluorescein 
< concentration in the vitreous. To this our 
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Fig 1.—Left, Comparison of scans in two left e 
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model adds the contributions to fluores- 
cence arising from fluorescein outside the 
vitreous (intravascular and extravascular 
fluorescein in the retina and the choroid) 
and from endogenous sources. The nonvit- 
reous fluorescence (NVF) is summed to- 
gether and represented by a single adjust- 
able parameter (NVF). We concentrate the 
NVF at a single axial location arbitrarily 
chosen to be the retina-vitreous interface. 

The shape of the measurement scan dif- 
fers from that of the spatial concentration 
profile of fluorescence sources. Key factors 
in this difference are the shape and finite 
size of the detection volume of the FM. 
Other optical effects play a role, such as 
light scattering and distortion by the re- 
fracting elements of the eve. We incorpo- 
rate these effects in our analysis scheme 
through a convolution of the model-gener- 
ated composite (vitreous plus nonvitreous) 
fluorescence profile. The product of the con- 
volution is the simulated measurement 
scan. The convolution step involves a func- 


tion analogous to that referred to as a. 


“spread function." We have chosen the 
gaussian bell curve as a sufficiently accu- 
rate empirical representation of the spread 
(convolution) function. This choice intro- 
duces an adjustable shape parameter (c) 
that allows the spread function to vary in 
shape according to the degree of optical ef- 
fects in each individual eye. 

An additional adjustable alignment pa- 
rameter (u) is introduced through a gaus- 
sian bell curve to permit translation of the 
simulated scan relative to the experimental 
scan along the scan path. The simulated 
scan is a continuous function of spatial po- 
sition, whereas the experimental counter- 
part possesses values only at the discrete 
0.25-mm intervals. Determining a value for 
the alignment parameter is tantamount to 
locating the position of the NVF source 
within the broad chorioretinal peak of the 
measurement scan. 
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pD = 0.54 X 107° cm/s 
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Distance From the Retina-Vitreous Interface, mm 


yes at 60 minutes with similar apparent passive permeability 
(P) and effective diffusivity (D) but different nonvitreous fluorescence (NVF) and free plasma fluorescence- 
time integral (FPF) values. The coefficient of variation for th 
that for the other scan is G = 12.2%. Right, Comparison of scans in two lett eyes at 60 minutes with similar 
apparent passive P, NVF, and FPF values, but different effe 
the scan with the higher peak is G = 10.2% and that for 


e scan with the higher peak is G = 15.7% and 


ctive D values. The coefficient of variation for 
the other scan is G = 8.3%. 


The alignment parameter, u, and the 
shape parameter, o, correspond to the pop- 
ulation mean and SD parameters of the 
normal probability density function in 
mathematical statistics. In the context of 
the PVF analysis, u and o serve nonstatis- 
tical roles in improving the measurement 
scan simulation. The analysis is performed 
by a computer program that uses a nonlin- 
ear Marquardt-Levenberg regression rou- ~ 
tine (IMSL, Houston, Tex) to obtain an op- 
timal correspondence between the simu- 
lated and experimental profiles. The 
regression procedure yields simultaneous 
best-fit estimates of the five adjustable pa- 
rameters: P, D, NVF, uw, and o. The proce- 
dure has been implemented for use on a mi- 
crocomputer, such as that optionally sup- 
plied with the FM. 


Fluorescence at 3 mm 


The vitreous fluorescence at the position 
3 mm anterior to the retina was calculated 
from the best-fit simulated scan measuring 
forward from the retina-vitreous interface. 
As explained above, the simulated scan is 
corrected for background fluorescence 
based on the average value obtained from 
the midvitreous of the corresponding bolus 
scan. 


Permeability Index 


A PI was calculated from the ratio of the 
posterior vitreous fluorescence to the inte- 
gral over time of the free plasma fluores- 
cence. We computed the rectilinear integral 
of the vitreous fluorescence over the dis- 
tance 0.5 to 6 mm anterior to the highest 
scan value using the optimized protocol 
software’ according to the option that be- 
gins with alignment of the highest values in 
the chorioretinal peaks of the preinjection, 
bolus, and measurement scans. For the de- 
nominator of the PI expression, we began 
by obtaining the least-squares regression 
line expressing the logarithm of the mea- 
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+ 


sured total plasma fluorescence as a linear 
function of time. The integral of the total 
plasma fluorescence up to the time of the 
measurement scan was calculated from the 
equation of this regression line and then 
converted to the free plasma fluorescence 
integral assuming a constant plasma free- 
fraction of 15%. 


Statistical Methods 


In the statistical analysis Student’s and 
paired ¢ tests and Pearson’s method of cor- 
relation were used.'® Square root transfor- 
mation was employed to normalize the dis- 
tributions of the variables. Reproducibility 
was expressed as the absolute difference 
between values obtained from first and sec- 
ond measurement procedures divided by 
their mean. To characterize the goodness of 
fit between a simulated and measurement 


0.0 0.5 1.0 1.5 


BRB Permeability in Right Eyes at 30 min (X10*’, cm/s) 





BRB Permeability in Left Eyes at 30 min (X10*’, cm/s) 











Time of 
Scan, min 


30 


Mean + SD 1.01 + 0.31 1.06 + 0.25 0.99 + 9.46 0.81 + 0.36 


CV,T % 


Range 0.52-1.58 0.51-1.47 0.47-2.10 0.39-1.74 


60 


Mean + SD 1.34 + 0.34 1.28 £ 0.26 0.93 + 3.45 0.77 + 0.30 






CV, % 


Range 0.76-1.93 0.76-1.94 0.40-2.36 0.45-1.53 


Table 1.—Apparent Passive Blood-Retinal Barrier Permeability and Effective 
Fluorescein Diffusivity in the Vitreous in 21 Normal Subjects After intravenous Injection 
of 14 mg/kg of Body Weight of Fluorescein Sodium * 







Right Eye 


30 


25 








Permeability, Diffusivity, 
X10*’, cm/s x10°5, cm?/s 
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Left Eye 


Left Eye Right Eve 





24 46 45 


22 48 32 






























*Permeability values at 60 minutes were significantly higher than at 30 minutes in right eyes (t = 4.48, 
df = 20, P < .001) and left eyes (t = 5.26, df = 20, P < .0001). 
tCV indicates coefficient of variation, SD/mean. 
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Fig 2.—Comparison of apparent passive blood-retinal barrier (BRB) permeability values between right and 
left eyes of 21 normal subjects. Left, 30 minutes after injection (r = .69, P < .001); right, 60 minutes after 
injection (r = .79, P < .0001). 


Fig 3.— Comparison of apparent passive blood-retinal barrier (BRB) permeability values of 21 normal sub- 
jects evaluated from scans taken nominally at 30 minutes and 60 minutes. Left, In right eyes (r = .49, 
= 02): right, in left eyes (r = .75, P = .0001). 
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BRB Permeability in Right Eyes at 60 min (X10*’, cm/s) 
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scan pair, we calculated a coefficient of 
variation, G, for each pair defined by G=S/ 
F, in which the SD of the residuals is given 
by 








N, 
D(F, — F,)?/(N, — N,) 
1 


i= 





and the mean fluorescence is given by 
N, 
F= > FUN, 
1 = 


The number of adjustable parameters was 
N, = 5 and the number of points in the re- 
tained portion of each scan was N, = 37. In 
the above expressions F, is the fluorescence 
at pointi(i=1,...,N,) of the measurement 
scan and the corresponding fluorescence 
from the simulated scan is F.. 


RESULTS 


Four typical measurement scans 
and their corresponding least-squares 
best-fit simulated scans are shown in 
Fig 1. These scans were obtained from 
the left eyes of four subjects at 60 
minutes after fluorescein administra- 
tion. For the regression analysis of the 
scans from the total normal subject 
population the coefficient of variation, 
G (expressed in percent), ranged from 
7.3% to 23.8%. The mean (+SD) val- 
ues for G were 12.6% + 2.7% and 
11.3% + 2.7% from the 30-minute and 
60-minute scans, respectively. The re- 
sults for the transport coefficients sub- 
divided according to left and right eyes 
at both 30 and 60 minutes are summa- 
rized in Table 1. 


Permeability 


There was a significant association 
between P values of left and right eyes 
at both 30 minutes and 60 minutes (Fig 
2). Permeability values were signifi- 
cantly higher at 60 minutes than at 30 
minutes in right and left eyes (Fig 3). 


Diffusivity 


The distributions of D values were 
generally skewed toward the high val- 
ues. The right eye D values tended to be 
higher than those of the left eye (Table 
1), although the difference was not 
statistically significant at 30 minutes 
and was only marginally significant at 
60 minutes (t = 2.05, df = 20, P = .05). 
There was a significant association be- 
tween 30- and 60-minute D values in 
left eyes (r = .82, P < .0001, N = 21). 
No correlation was found between D 
and intraocular pressure -(mean 
r= .36, N = 21). 


Effect of Age, Sex, Race, and Refractive 
Error 


There was no significant association 
between P or D and age, sex, fundus 












Table 2.—Vitreous Fluorescence at 3 mm Anterior to the Retina and Permeability Index 
(PI) in 21 Normal Subjects After Intravenous Injection of 14 mg/kg of Body Weight of 
Fluorescein Sodium * 


Fluorescence at 3 mm 


(Fluorescein Equivalent, PI, 
ng/mL) X10*’, cm/s 
Time of cue —. 
Scan, min Right Eye Left Eye Right Eye Left Eye 


30 
Mean + SD 2.2 = 15 2.1 1.4 0.69 + 0.33 0.58 + 0.39 
CV,t % 69 69 48 67 
Range 0.3-6.0 0.4-5.4 0.25-1.53 —0,54-1.28 
60 
Mean + SD 8.8 + 3.1 7.8 + 2.5 1.28 + 0.33 1.01 + 0.39 
CV, % 36 31 26 39 
Range 2.4-16.6 4.6-13.8 0.68-1.93 —0.06-1.76 































i Permeability index values at 60 minutes were significantly higher than at 30 minutes in right eyes (t = 9.46, 
df = 20, P < .0001) and left eyes (t = 4.56, df = 20, P< 10013. 


tCV indicates coefficient of variation, SD/mean. 


Table 3.—Reproducibility (in Percent)* of Vitreous Fluorophotometry Measures Based 


on Two Determinations in Six Normal Subjects 


Time of Scan, 
Measurement min 


Diffusivity 30 





Right Eye Left Eye Pooled 
(n = 6) (n = 6) (n = 12) 
18 + 14 16 + 12 7 £13 


60 30 + 41 24 + 22 27 + 31 
Permeability 30 17 + 8 29 + 19 23 + 15 
33 + 18 61+ 16 47 + 22 


Fluorescence at 3 mm 30 


29 + 39 31+ 42 30 + 38 


*Values are means + SDs. Reproducibility of a measure was calculated as the absolute difference between 
values obtained from first and second measurement procedures divided by their mean. 


pigmentation, or refractive error, ex- 
cept in the case of right eyes at 30 
minutes for the variation with age of P 
(r= —.46, P=.04, N=21) and D 
(r = .49, P = .02, N = 21). 


Fluorescence at 3 mm 


The 3-mm fluorescence values (Table 
2) were characterized by broader dis- 
tributions than were the P values 
(Table 1), particularly at 30 minutes 
where the fluorescence was low. The 3- 
mm values did not associate with the P 
values, except marginally in the case of 
right eyes at 60 minutes (r= .44, 
P = .05, N = 21). By contrast, the 3- 
mm values were significantly associ- 
ated with the D values at both 30 min- 
utes (r=.77, P< .0001, and r=.82, 
P <.0001, N=21) and 60 minutes 
(r = .60, P < .005, and r = .71, P < .001, 
N = 21) for right and left eyes, respec- 
tively. 


PI 


Permeability index values were sig- 
nificantly higher at 60 minutes than at 
30 minutes (Table 2). In right eyes PI 
and P values were significantly associ- 
ated at both 30 minutes (r= 47, 
P=.03, N=21) and 60 minutes 
(r = .90, P < .0001, N = 21). The lack of 
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association in left eye values reflects 
overcorrection by the optimized 
protocol” that in some instances gave 
rise to low and negative PI values. 


Reproducibility 


In six subjects tested on two occa- 
sions, the reproducibility of D (18% to 
30% ) and P (17% to 29%) was better 
than that of fluorescence at 3 mm (29% 
to 61% ) (Table 3). There was a signif- 
icant association between first and sec- 
ond D values but not between the 
repeated measurements of P (Fig 4). 


Convolution (Spread) Function Shape 


There was a significant association 
for the measurement scan vo values be- 
tween left and right eyes and among 
the three different times (Table 4). The 
measurement scan o values agree with 
the analogous ø values obtained by fit- 
ting the normal distribution equation 
to the preinjection scans. Part of the 
variation in spread function shape was 
associated with age-related changes in 
the eye, as evidenced by the significant 
association between the mean of left 
and right eye o values and age (r = .80, 
P<.01, N=21 for preinjection, 
r= .61, P < .01, N = 21 at 30 minutes, 
and r = .60, P < .01, N = 21 at 60 min- 
utes). 
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First Determination: Y D X 10°, cm°/s 


Fig 4.—Repeated measurement of fluorescein transport parameters in six normal subjects. First and second de- 
terminations were obtained at least 1 week apart. Left, Effective diffusivity (D) in pooled right and left eye values: 
r= 89, P = 0001, andr = .85, P < .0005, for N = 12 at 30 minutes and 60 minutes, respectively. Points la- 
beled L are from the same subject (woman, aged 44 years). Right, Apparent passive biood-retinal barrier perme- 
12 at 30 and 60 minutes, respectively, in pooled right and left eyes. 


ability (P): r = .36 and r 
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0 100 200 
Active Transport Coefficient (X 10°), cm/s 
Fig 5i-— influence on apparent passive perme- 
ability (F) and effective diffusivity (D) of active 
transport of fluorescein from the vitreous to 
_ blood calculated at 30 minutes (dashed lines) 
Cand 60 minutes (solid lines). Each line repre- 
seris the avesage D or P value from the 
„regression anaiysis of scans from four repre- 
sentative normal subjects. 


COMMENT 


The goal in refining PVF analysis is 
to define measures for a property, such 
as the BRB leakiness, that are inde- 
pendent of the numerous other vari- 
-abies affecting the fluorescence scans. 
We began with the assumption that 
the apparent P as defined by previous 
investigators was a suitable measure 


© -for BRB lealiness, but that the exist- 


| ing procedures did not adequately ac- 
-count for all ef the important con- 






oe reh Ophth aimai—Vol 107, September 1989 


= 42 for N = 
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0.32-0.72 


0.41-0.79 


* Right and left eye values were significantly associated tor preinjection scans (¢ = "30, P< 671), 30- minute 


scans (r = .70, P < .01), and 60-minute scans (r = .82, P < .01). The 30- and 50-minute scan values were | 
.74, P < .01) and left eyes (r = .81, P < .0 9, as were the means of 


significantly associated in both right (7 = 


the 30- and 60-minute scans and the preinjection scan values in right (r = .85, P < 0 1 and left eyes (r = .83, 


P< 01} 
¢CV indicates coefficient of variation. 


founding variables that determine the 
magnitude and shape of an individual 
scan. Previous PVF analysis methods 
either have been unable to use vitreous 
fluorescence measurements taken 
within 1 to 2 mm of the retina or have 
applied ad hoc correction techniques to 
compensate for chorioretinal fluores- 
cence in this region. In addition, the 
uncertainty in the location of the ret- 
ina relative to the retained portion of 
the posterior vitreous scan could have 
affected the subsequent calculations. 


The method we propose simulta- 
neously determines retina location, 
separates vitreous from nonvitreous 
fluorescence, and compensates for in- 
terocular optica} differences to im- 
prove the accuracy af P and D evalua- 
tion. Furthermore, the information 
can be obtained im ar automated man- 
ner from one—or at mest two—scans, 
thus offering procedural simplifica- 
tion as well. 

The new methed is able to consider 
additional variables by using a larger 
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* Values are means + SDs. 


+Average literature value used for all subjects. 
§Fiuorotron Master. 


15%, 
"Custom fluorophotometer, 
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portion of the scan than heretofore 
analyzed. The risks of focusing on a 
small portion of the sean are high- 
lighted by our findings with respect to 
the fluorescence values at 3 mm. The 
scans of Fig 1 illustrate that 3-mm 
fluorescence is influenced by variables 
other than BRB leakiness. These scans 
_ exhibit different fluorescence levels at 
3mm, but all yield essentially the same 
value for P. The two scans in Fig 1, left, 
give similar D values as well. If their 
free plasma fluorescence-time integral 
values had been the same, their vitre- 
ous fluorescence profiles would be sim- 
ilar in shape. However, the difference 
in free plasma fluorescence-time inte- 
gral values led to different levels of 
vitreous fluorescence. Because of mea- 
surement fluctuations, the data points 
at 3mm from the two scans are decep- 
tively close together. By contrast, the 
scans In Fig 1, right, have similar free 
_ plasma fluorescence-time integral val- 
- ues but differ in their D values, which 
_ is reflected in a difference in shape (eg, 
~ compare the steepness of the 0- to 
_ 3-mm portion of the vitreous profiles). 
_.» The 3-mm fluorescence values from the 
four best-fit simulated scans of Fig 1 
range from 5.7 to 13.8 ng/mL, ie, a 
_ greater than twofold variation despite 
the same apparent BRB leakiness. The 
generality of the inferences drawn 
_ from Fig 1 is supported by the associ- 
- ation found in the whole normal popu- 
_ lation between 3-mm fluorescence and 
- D. This should be contrasted with the 
unexpected absence of a consistent as- 
sociation between 3-mm fluorescence 
and P, and hence of BRB leakiness. 
| This result, together with related 
_ findings in diabetics," suggests that 
conditions in the vitreous are of im- 
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PFF, t% Source 
15¢ Present study§ 
172 Zeimer et al’§ 
174 | Zeimer et al? *§ 






4] Lund-Andersen et al®! 
. | Krogsaa et af*f 
Chahal et al*§ 

17¢ Ogura et al’§ 


Kappelhof et al®§ 












TN indicates number of eyes; PFF , plasma free-fluorescence traction. 


i Analysis used PFF values measured from subjects’ blood samples; in vitro average without metabolite was 


#From blood samples obtained shortly after fluorescein administration. 
* Fifty-eight subjects; PFF values determined from subjects’ blood samples. 


portance in PVF. None of the normal 
subjects exhibited evidence of poste- 
rior vitreous detachment on biomicro- 
scopic examination. However, there is 
the possibility of undetected liquefied 
regions, either interior lacunae or en- 
larged subhyaloid spaces, within 
which fluorescein movement could be 
enhanced by convective mixing pro- 
moted by eye and head movement. 
Conway” found that eye movement 
was associated with a marked differ- 
ence in the shape of the vitreous fluo- 
rescence profile in an apparently nor- 
mal subject. Such a shape change 
would yield a higher effective D value, 
if analyzed by the current diffusional 
models of dye movement through the 
vitreous. In our results the skewness in 
the distribution of D values toward the 
high end indicates that convective 
mixing may have been a factor in some 
of the measurements. 

Other potential physical factors 
would tend to result in reduced D val- 
ues. These include binding between 
fluorescein and vitreous constituents, 
hindrance by the macromolecular con- 
stituents of the vitreous, pressure- 
driven bulk flow out of the vitreous," 
and absorptive transport of water and 
fluorescein from the retina to blood, 
We are unaware of any reports of 
binding between fluorescein and vitre- 
ous constituents. The low macromolec- 
ular content of the vitreous suggests 
little hindrance for a small solute such 
as fluorescein. The absence of correla- 
tion between D and intraocular pres- 
sure suggests that pressure-driven 
flow did not exert a significant effect. 
Typical results from analyses in which 
the active transport term was included 
in the mathematical model are dis- 
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played in Fig 5. Estimates in the liter- 

ature for the active transport coeffi- 
cient are 35 X 10-’ and 93 X 10-7 em?2/s 

by Zeimer et al” and Ogura et al,’ re- 

spectively. According to Fig 5, includ=; 
ing an active transport coefficient of 

100 X 107 cem?/s would only decrease D 

by 3% at 30 minutes and 6% at 60 

minutes from the values obtained by 

neglecting active transport. The cor- 

responding increases in P would be 

13% and 21%, respectively. 

The combination of factors may be 
responsible for the wide range of D 
values (Table 1). The mean D values, 
however, are in agreement with ex- 
pected values for fluorescein diffusion 
through a quiescent normal saline so- 
lution. Based on a literature value” for 
in vitro measurement in free aqueous ~ 
solution of low ionic strength at 293 K, 
the estimated in vivo D of fluorescein 
sodium at 87°C is 0.79 x 10-5 em?/s. 
Other reported values are 0.57 to 
0.77 X 107° em*/s® and 0.7 x 1075. 
em’/s.* Our mean D values are in 
agreement with the fluorophotometry 
values of Lund-Andersen et al and 
Krogsaa et al” (Table 5). Other PVF 
investigators*”*! obtained somewhat 
higher values. 

There are greater differences in the 
PVF literature among the mean 60- 
minute P values (Table 5). Those anal- 
yses yielding smaller coefficients of ə 
variation may be better in discrimi- 
nating between normal and abnormal 
BRB permeability. One difficulty in 
comparing the various reports is that 
Lund-Andersen et al’ and Krogsaa et 
al” used a custom duorophotometer 
with which the position of the retina 
could be related to the scan, unlike 
with the FM used in the other reports. 

When dye movement through the 
vitreous is enhanced by fluid or vitre- 
ous motion, the P value obtained from 
a diffusion model, as well as the value 
for D, may be affected. However, the 
effect is likely to be small. During the i; 
first hour after dye administration, the ~ 
vitreous-retina interface concentra- 
tion probably remairs small (at least 
for normal eyes) compared with the 
free plasma concentration regardless 
of vitreous mixing. Hence, the relative 
change in the plasma-vitreous concen- 
tration difference and the rate of dye 
accumulation in the vitreous would 
also be small. We found no correlation 
between the calculated D and P values, 
which supports this reasoning. Fur- 
thermore, P can be calculated indepen- 
dently of D. An assumption of little or 
no coupling between transport across ; 
the BRB and through the vitreous is 
implicit in the method of Kappelhof et 
al’ for caleulating P as well as in the 
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f tion of z 
hods requires knowledge of D. De- 
e the deficiemeies in the definition 
sprue ea a PI, we 





A aig 
een ae ail ‘eft eye P values (Fig 
~2) but not betwean repeated measure- 
ments in the same eye separated by a 
week or more (Fig 4, right). The re- 
-yerse trend was feund for D values (Fig 
4, left), although the correlation be- 
tween repeated measurements is 
strongly dependent on the relatively 
high, but reproducible, values found 
- før the subject described in the legend 
te Fig 4. Constancy in D for a given eye 
“js plausible, since the structure of the 
vitreous is lixelwto undergo only very 
shangein nermal circumstances. 
ie BRB, however, may be modulated 
‘blood-borne, ar other labile, factors 
cand consequentiy P could undergo 
s i a variatien on the time scale of 
- hours or days. 
`- We have tried to find other explana- 
“Hone for the consistent increase in P 
~ between 30 and 60 minutes. This is un- 
- likely to anise from the regression 
- ‘method per se, since proportionately 
greater increases were found for PI 
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` Neithe ; of these 


between 30 and 60 minutes (Table 2), i 
and Kappelhof et al’ also reported in- 
creases over time in their P values. The 


potential causes tend to have similar 
effects in both eyes. According to Fig 5, 
inclusion of active transport from vit- 
reous to blood would lead to a greater 
divergence of P from 30 to 60 minutes. 

A delay in the appearance of fluo- 
rescein within the vitreous would give 
rise to a smaller P value at 30 minutes 
than at 60 minutes. After crossing the 
retinal pigment epithelium or the in- 
traretinal microvascular walls from 
the plasma, the dye must traverse ret- 
inal tissue before entering the vitre- 
ous. Attempts to incorporate retinal 
diffusional resistance have thus far 
supported the implicit assumption in 
current models that the additional re- 
sistance is not important because of 
the thinness of the retina. 

We have examined the influence of 
the time course of plasma free-fluo- 
rescein levels resulting from dye clear- 
ance. Our use of a single exponential 
expression for the plasma decay with 
time underrepresents the concentra- 
tion profile within the first few min- 
utes after dye administration. More 
accurate multiexponential representa- 
tions yield higher values for the time 
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minutes, ‘the ‘Uifrence betwe = 
two P values would increase, as noted 
also by Lund-Andersen etal = 
The difference in eptical ae : 
plasma protein binding, and BRB per- 
meabilities of parent and metabolite- 
may also influenee tae apparent time 
dependence of P.” Bhe uncertainty in | 
BRB permeability resulting from me- 
tabolism could be on the order of 
20% 2! There is also the possibility that 
focal sources of fluorescein leakage 
outside the path of the FM detection - 
volume could play a role.” Lens tran 
mittance varies among individuals* 
and can affect theevaluation ee 
PVF measures. ; i 
In summary, we kave described. an 
approach to improvmg PVF analyse: 
Our findings indicate the need to se 
arate the effect of dye transport within 
the vitreous from leakage across the 
BRB in interpreting the fluorescence : 
measurements. : 
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oe © We used a new computerized proce- 
_-dure to analyze posterior vitreous fluoro- 
phometry scans, obtained with a commer- 
oe cial fluerophotometer (Fluorotron Master 
Coherent, Palo Alto, Calif), in insulin-de- 
pendent diabetic patients and controls. 
Diabetic patients with minimal retinopathy 
had significantly higher effective fluores- 
-cein vitreous diffusivity and 30-minute 3- 
mm vitreous fluorescence values than ei- 

ther controls or diabetic patients with no 
retinopathy. However. there was no sig- 
nificant difference between the groups for 
othe apparent permeability of the blood- 
-retinal barrier to fluorescein. These results 
suggest the possibility that the higher 

= 0 3-mm fluorescence levels found in the di- 

<- abetic patients with minimal retinopathy 
“may result in part from enhanced move- 

ment of fluorescein through the vitreous. 
(Arch Ophthalmol. 1989;107:1328- 
4333) 


















an, arly clinical studies using the tech- 
"nique of postericr vitreous fluoro- 
photometry (PVF) reported that dia- 
-betie patients with either minimal or 
‘no retinopathy showed increased fluo- 
-rescein leakage of the blood-retinal 
“barrier: (BRB) compared with con- 
rols: However, subsequent studies** 
ve failed to replicate these findings. 
‘or example, we recently reported that 
iabetic patients with no microaneu- 
: sms did not differ significantly from 
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Posterior Vitreous Fluorophotometry 


Monique S. Roy, MD; Peter M. Bungay, PhD; Robert F, Bonner, PhD 


controls for either 3-mm vitreous flu- 
orescence measurements obtained di- 
rectly from the PVF scans or for fluo- 
rescein permeability indexes (PIs).’ 
However, in accordance with earlier 
studies we did find that 30-minute 
3-mm vitreous fluorescence values 
were significantly higher in patients 
with minimal retinopathy than in ei- 
ther controls or diabetic patients with 
no retinopathy.’ | | 
These discrepancies between studies 
may partly be due to deficiencies in 
both 3-mm and PI values as measures 
of posterior vitreous leakage. In par- 
ticular, any single point measurement 
of vitreous fluorescence may be sensi- 
tive to convective shifts in vitreal 
fluid™® as well as to variables other 
than BRB leakiness (see part I)."' Also, 
multiple fluorescence point measures 
may be affected by other factors. For 
example, the optimized protocol used 
to derive PI’ overcorrects for chori- 
oretinal fluorescence. As a result vit- 
reous fluorescence levels within 1 mm 
of the retina are underestimated.” Dif- 
ferences between studies may also 
partly reflect that different investiga- 
tors used different clinical criteria to 
define minimal diabetic retinopathy. 
These problems in analyzing PVF 
measurement scans led us to search for 
an alternative approach. Thus, part I 
of this article" describes the resulting 
improvements in the data analysis of 
the PVF measurements. Briefly, we 
developed a nonlinear regression 


_ method of fitting a simulated fluores- 
-cence profile to the experimental PVF 
_ sean, The method yields values for the 


apparent BRB permeability coefficient 
(P) and the effective dye-vitreous dif- 
fusion coefficient (D). Part I’ also re- 


methods describec 








Il. Comparison of Diabetic Patients and Controls With the 
-Use of a New Analysis Procedure 





ports how we used this new analyei sto 
characterize P and D in a normal pop- 5 
ulation. 

In part II we compare diabetic pa- 
tients, exhibiting either minimal 
retinopathy or no retinopathy, and 
controls. The comparison among these 
three groups is based on the use of the 
new scheme to reanalyze the scans 
employed in our previous report.’ 


SUBJECTS AND METHODS 


The diabetic group consisted of a consec- 
utive series of 24 insulin-dependent dia- 
betic outpatients, 16 women and 8 men, 
with minimal or no background diabetic 
retinopathy, seen at the National Institutes 
of Health, Bethesda, Md. Subgrouping of 
the diabetic retinopathy was based on care- 
ful direct and indirect ophthalmoscopy and 
seven standard stereo photographic fields 
of the retina as well as on stereo fluorescein 
angiography in retinal fields 2 and 3" per- 
formed on the day of the PVF. 

Excluded were diabetic patients with my- 
opia of 6 diopters or greater, lens opacities, 
posterior vitreous detachment, macular = 
edema or many hard exudates (moderate to ` 
severe background retinopathy), and pre- 
proliferative or proliferative retinopathy." 
All patients had a detailed history, physical 
examination, and routine blood tests.’ The 
normal controls, 10 men and 11 women, 
were recruited through the normal volun- 
teer office at the National Institutes of 
Health. They had no family or personal 
history of diabetes." 

In all subjects PVF measurements were 


performed at 10 AM using a commercial flu- | T 
orophotometer (Fluorotron Master, Coher- = 
ent, Palo Alto, Calif) and the protocol oute 
lined in part I." Subjects were asked to have 
a light breakfast without fats. Diabetic pa- ad 
tients had their usual insulin i injection: The 


PVF data were analyzed according to the — 
din part I," yielding val- 





: ues for the ‘transport coefficients P and D, as 
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; 2 el as vitreous. Arani M 3 mm 
<anterior to tke retina obtained from the 







ce ~ ANG VAa) were used. For nonnor- 
distributed data of D values we used 
we nonparametric Kruskal-Wallis and 
í -Wilcoxon Rank-Sum tests and for 3-mm 
values we used square root transformation 
and ANOVA. In the post hoc analyses we 
adjusted P values for multiple compari- 
jons: Thus, wereport the obtained P values 
multiplied by 3, the number of pairwise 
-comparisons for the three groups (control 
-group and two diabetie subgroups). * Stu- 
dent's t test, Pearson, and Spearman’s 
“methods of correlation were also used. 















RESULTS 









iied data for the diabetic pa- 


m oe i with minimal retin- 
pat! iy, 6 right and 6 left eyes had 1 to 
microaneurysms only; 3 right and 3 


i. jeft eves hac 6 to 10 microaneurysms; 


I right and 1 left eye had one to three 
200-4. cotton-wool spots in the ab- 
sence of any other diabetic retinal le- 
sion: 2 righ’ and 2 left eyes had be- 
tween 10 and 20 microaneurysms with 
a few localized hard exudates away 
from the macula in the right eye of one 


«of these patients. 


- There was no significant difference 
between the-groups for age (Table 1). 
Moreover, the refractive errors of 
right (0. G3 + 1.96 D) and left 
{(—0.91 + 1.98 D) eyes of controls were 
not significantly different from those 
of patients ‘Table 1). Patients with 
minimal retinopathy (N = 12), com- 

pared with those without (N = 12), had 
a significantly longer duration of dia- 
betes (P = .03 and P < .001 for right 
_and left eves, respectively). 


"Effective Fluorescein Vitreous D 
There were significant differences 


=- ameng the three groups (controls, pa- 


. tients with retinopathy, and patients 
without retinopathy) for D values. In 
_ Jeft-eyes, there were significant differ- 
ences at both 30 and 60 minutes 
_ Kraskal- -Wallis =13.8, df= 2, 
p= 0landy = es 2 P= .002, 
_ respectively) (Figs 1 and 2). In right 
- eyes there was a significant difference 
gt 60 minutes (Kruskal-Wallis x? = 9.7, 


> -P = 008) with a trend at 30 minutes 
62 =4.9,df = 2, P = .09) (Figs 1 and 2). 


Post hoc analyses showed that pa- 
-tients with minimal retinopathy had 
-significantly higher D values than ei- 





” ther controls (P = .02 for right eyes at 
-80 and 60° minutes; P=.002 and 


: P= 003 for left eyes at 30 and 60 min- 
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timized pala caida! and PI aung, the 


Right Eyes 





Leit Eyes 


No 
Retinopathy, 
= 12 
37.4 + 9.1 
Female, % 
Age at onset of diabetes, yt 
~ Duration of insulin therapy, yt 
insulin per day, IU 
No. of insulin injections per day 
Refractive error, diopters 
Glycosylated hemoglobin, % 


30.6 + 10.4 


45.6 + 25.0 
1.7+ 0.8 


12.1 + 2.5 





*Values are means + SDs. 


Retinopathy, 


32.9 + 11.3 


21.9 + 12.2 
12.3 + 5.6 
45.2 + 16.1 37.2 + 19.4 


— 1.64 + 2.43 ~1,.33 + 1.71 
12.5 + 2.5 


Minimal 
Retinopathy, | 

N= 12 | 
32.5 41264 | 


Minimal No 
Retinopathy... 


N = 12 N= %2 


20.1 + 12E — 
136444 | 
53.6 + 19:0. | 
18+ 1.0 
—1.54 + 1.34 
12.7 + 2.5 2 


1.8 +09 1.8 £98 
— 1.38 + 2.86 
11.9 + 2.4 


+Patients with minimal retinopathy had a significantly longer duration of insulin teeatmant (t = 2.30, of = 22, oe 
P = 03, and f = 4.26, df = 22, P < .001 for right and left eyes, respectively) and an earlier age of onset. of z 


utes, respectively) or patients with no 
retinopathy (P = .006 for left eyes at 
30 minutes). 

There were three patients with D 
values greater than the mean + 2 SDs 
of both patients and controls. We thus 
analyzed all the D data excluding these 
high values (Table 2). However, when 
we did this the significant differences 
among the three a ee 
(Kruskal-Wallis =121, df= 
P= .002 and x? = 95, df = 2, P= Bi 
for left eyes at 30 and 60 minutes, re- 
spectively, x? = 7.9, df = 2, P = .02 for 
right eyes at 60 minutes). Post hoc 
analyses again showed that patients 
with minimal retinopathy had signifi- 
cantly higher D values than either 
controls (P = .02 and P = .05 for right 
eyes at 30 and 60 minutes, respectively, 
and P = .005 and P = .02 for left eyes 
at 30 and 60 minutes, respectively) or 
patients with no retinopathy (P = .009 
for left eyes at 30 minutes) (Table 2). 


Apparent BRB P to Fiuorescein 


There were no significant differ- 
ences for P among either the three 
groups or between the two diabetic 
subgroups in either eye or at either 
time point (Table 3, Figs 3 and 4). We 
also compared P values at the two time 
points in each eye and found that P was 
significantly higher at 60 than at 30 
minutes in right eyes of patients with 
no retinopathy (t= 4.9, df=11, P< 
.02) (Table 3). 


3-mm Fluorescence 


There were significant differences 
among the three groups for 3-mm vit- 
reous fluorescence values in left eyes at 
30 minutes (ANOVA, F=63, 
df = 42,2, P = .003). Post hoc analyses 
showed that left eyes of patients with 
minimal retinopathy had significantly 
higher 3-mm values at 30 minutes af- 


l diabetes (t = 2.92, df = 22, P < .01 for left eyes) than patients without retinopathy.. 


ter injection tkan either controls 
(4.2 + 2.0 vs 2.1 + 14 ng/mL, t= 38, 
df = 31, P = .002) or patients with no 
retinopathy (4.2 = 20vs24 +18 ng/ 
mL, t = 2.6, df = 22, P = .05) (Fig 5). 


When we restricted the analysis to. 
the 10 diabetic patients with either no. 
retinopathy or mmimal retinopathy i Moci 
each eye and used the average 3-mm > 
values of right and left eyes,therewere 
again significant differences among 
the groups at 3@ minutes (ANOVA, 
F=48, df=382 P=.01). Post hoe 
analyses showed. that patients with < 
minimal retinopathy had significantly 


higher 3-mm values than controls 
(P = 01). 

As we noted in part I," 8-mm values S 
depend not only on BRB P to fluores- < 
cein but also on BÐ of the dye once itis | 
in the vitreous and on plasma fluores- 
cein levels. Thus, wenext compared 3- 
mm values with D, E, and free plasma 
fluorescence integral values in the — 
combined populations of diabetic pa- | 
tients and controis. Thirty minutes af- 
ter injection, 3-mm values were signif- 
icantly associated with both D (r = .81, 
P < .001, n = 45, anë r = .77, P< .001, 
n = 45, for right and left eyes, respec- =. 
tively) and P (r= .54,P<.001,n=45 > 














for right eyes) but not with free Be 
plasma fluorescence integral values. 
One hour after injection, 3-mm values. ~ 


were significantly associated with Po ous 
(r = 57, P < .001, n= 45, and r= AB, E 
P < 01, n = 45, fer right and left eyes, 





respectively) and D in ight eyes oe 
transformation of Dy aad 3-mm vae o 
yielded similar significant associa- < 


tions between these two parameters ato E 
30 minutes (Fig 5). = ea 
Pi 


There were ro significant differ- e 





ences for PI values among either the 


three groups or between the two dia- 
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Right Eyes 
Left Eyes 


| 









Lett Eyes 

















_ 80 min After Injection, (x 10" 
Effective Fluorescein Vitreous Diffusion Coefficient 
1 h After injection, (X 10*°, om?/ $) 





Controis Diabetic Patients 
No Minimal 
Retinopathy Retinopathy 


N = 21 N= 12 N = 12 


effective vitreous diffusivity (D) in the two sub- 
etic patients and controls 30 minutes after injection. Pa- 
iinimal retinopathy had significantly higher D values than ei- 
(P = .02 and P = .002 for right and lett eyes, respectively) 


deh bb gh Re Ne Minimal 
» Of patients with no retinopathy (P = .006 for left eyes). Retinopathy Retinopathy - 


N = 21 N= 12 N= 12. 


Fig 2.—Scattergram of effective vitreous diffusivity (D) in the two sub- 
groups of diabetic patients and controls 1 hour after injection. Patients 
with minimal retinopathy had significantly higher D values than controls 
(P = .02 for right eyes and P = .003 for left eyes). pee 


Controls Diabetic Patients 










t = 3.32, df = 11, P <.01 for right and 
left eyes, respectively, in diabetics 
with minimal retinopathy). G 











Right Eyes Left Eyes 

cee anaemia amemen Aaeeea Nayaona, 

N 30 min N 60 min N 30 min N 60 min 

21 0.99 + 046 21 0.93 + 0.45 21 0.81 +036 21 0.77 + 0.30 
pee ee a 





COMMENT on TE 

In this study we used a new comput- 
erized method to compare insulin-de 
pendent diabetic patients with eith 
minimal or no retinopathy and co 

































DY. iain? 0.94 £0.96 11 1.17 + 0.28 12 0.82 + 0.17 12 0.94 + 0.28 ; 
opathy 12 1.38 + 0.64¢11 1.20 4 0.294 11 1.26 + 0.418) 10 1.38 + 0.70% trols for their PVF scan data. W, 
is-+ SDs. xclusi er t “* om?°/s, there were still signif- : : . ea us 
ong the ree groupa nah ayes Kusala € = 79 or a p as ano oa. found that diabetic patients with mi 
Oe = 12.1, df = 2, P = .002, and x? = 9.5, of = 2, P = 009 at 30 and 60 minutes, imal retinopathy had significant í 
analyses showed that patients with minimal retinopathy had significantly higher D values higher effective fluorescein vitreous D 
= „02t and P = .05¢ for right eyes at 30 and 60 minutes, respectively; P = .005§ and and 30-minute 3-mm vitreous fluo 
O.and 60 minutes) or patients with no retinopathy (P = O06! for left eyes at 30 min- cence values than either co ntr o] a 
CE patients with no retinopathy. ł 
ever, the apparent BRB P to fi 
-cein was not significantly different b 
-~ tween either diabetic patients a: 


















ëo 









-= trols or between the two diabet 
“gubgroups, n 


- Our finding of higher D values 






















patients with niia retinop- 
n n accord with that of Chahal et 
y used a different method of 
S, on itwas based on a similar 
matical model for fluorescein 
port; they found that diabetic 
nts showed a strong trend toward 
cantly higher fluorescein D val- 


ues i in eomparison with controls. How- 
ever, in a negative report, Krogsaa et 
alt reported ne difference in fluores- 
cein diffusion coefficients between 
their diabetic patients and controls. 
hree of our diabetic patients had D 
ses greater than 3 X 10° em’/sinat 











least one eye and at different time 
points (Figs 1 and 2). Nevertheless, 
even when these very high D values 
were excluded from the analyses, the 
differences among the three groups for 
D remained statistically significant 
(Table 2). Thus, these PVF data sug- 
gest the possibility that the structure 
of the vitreous of diabetic patients 
with early retinopathy may differ from 
that of normal subjects in a way that 
cannot be determined by clinical ex- 
amination with biomicroscopy. In this 
regard, Ogura et al? have recently 
suggested that in patients with retini- 


Right Eyes Left Eyes 
[PALACE ANN eae, feral e, 
T N 30 min 60 min N 30 min 60 min 
Controls 21 101 £031 1.34 +0.34 21 106 + 0.25 128 + 0.28 
Diabetic patents 
Neo retinogathy 12 4. OT + 0.44 1.30 2044t 12 1.15 + 0.49 1.18 + 0.40 
Minimal retinopathy 12 4. 20 + + 0.55 1.32 + 0.57 12 1.29 +089 1 29 + 0.83 


* Values are reeans + SDs. 


_ tRighteyes ofpatients with no retinopathy showed significantly higher permeability values at 60 minutes than 


as at 30 minutes (= 4.9, of = 11, P < .008). 


“Fig 3 3. — Scattergeam of apparent blood-retinal barrier permeability to 
: fluorescein in the two subgroups of diabetic patients and controls 30 
minutes after injection. There were no significant differences among the 


three groups. 


Right Eyes 
Left Eyes 


| 






Apparent Blood-Retinal Barrier Permeability to Fluorescein 
80 min After Injection, ( 10°, cm/s) 








groups. 


Apparent Blood-Retinal Barrier Permeability to Fluorescein 
1 h After Injection (X 10°’, cm/s) 


Controls Diabetic Patients 
No Minimal 
Retinopathy Retinopathy 
N= 21 N= 12 N= 12 










tis TE EVF may be useful in 
the evaluation of. the integrity of the 
vitreous gel in vivo. 

Calculation of the diffusion of flu 
rescein in vitro yrelded D values in the 
range of 0.6 to 4.8.x 10° em?/s i 
part 1).!' High fleorescein D valu 
the vitreous sugzest that com 
mixing in liquefied ates (re it ig 
from eye and head ete ) | 
ample) may be ocsur 
diffusion. Vitreeus 
known to increase with 
cur also in other ct ditions, sich as 
myopia.'* This suggests the possibil- | 
ity that high D values may not be ape- 7 
cific for diabetes. However, none of our. 
three patients with high D val 
either any biomisroscopic evid 
vitreous abnormality or any signifi: 
cant refractive error. In this ri 
the patient with the highest D alue 
was relatively young at an age 
34 years (patient B, Figs 1 and 2). _ 

In this analysis we also confirmed 
our previous report’ that 30-minute 
postinjection 3-mm fluorescence yal- 
ues were signifieantly higher in left 
eyes of patients vith minimal retinop : 








Fig 4.—Scattergram of apparent blood- retinal barrier permeability to ae 
fluorescein in the two subgroups of diabetic patients and controls 1 hour ie 
after injection. There were no significant differences among | the three =i 
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Diabetic Patients 


Controls 

l No Minimal 

- Retiropathy Retinopathy 
N= 21 N= 12 


N = 12 
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] Fig 5.—Scatter 
- from the best-fit sim 
tients and control: 3¢ Qn 
minimal retinopathy had significantly higher 3-mm values than. aithe! 
controis (P = -002) or patients with no retinopathy (P = = 08). ate 









ae | Left Eyes 












Fig 8. —Comparisons of the square roots of 3-mm vitreous ficrensedoe 
ae and diffusivity values in the combined populations of diabetic patients 
_No Minimal and controls 30 minutes after injection of fluorescein. There was a sig- 
Retinopathy Retinopathy nificant association between 3-mm and diffusivity values for both right 
N = 21 N= 12 N= 12 eyes (r = .76, P < .001, n = 45) and left eyes (r = .70, P < .001, 
n = 44). 


< Controls 





Diabetic Patients 


Right Eyes Left Eyes 





Diffusivity X10*8, cm?/s 









athy than in controls or patients wit! J 
no retinopathy. However, these signif = 
icantly higher 3-mm values in diabet- 
ics with minimal retinopathy were un- _ 
explained by higher P of the BRB to | 
fluorescein (Tables 3 and 4). a 
In contrast, in the same eyes. and. 

Y e point we found sign 





Right Eyes Left Eyes 
OON 30 min 60 min N 30 min 60 min 
1 _ 0.69 +0.33 128+033 21 0584039 1.01 +039 

















0.69 + 0.37 1.30 zom 12 




































onee it f in 1 the vitreous. It 
that Cunha-Vaz et al’ aver- 
F readings over a large region 
treous, therefore minimizing 
uence of diffusion, and still 
ld identify significant differences 
B P between diabetic patients 
h either minimal or no retinopathy 
yntrols. It is clear that future 
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E studies need to determine whether this- suggest 
diffusion factor remains significant in D 
patients with more severe degrees of 


retinopathy, such as macular edema. 
In summary, we used a new comput- 
erized method to analyze PVF scans. 
We found that diabetic patients with 
minimal retinopathy differed from ei- 
ther controls or patients with no retin- 
opathy for effective fluorescein vitre- 
ous D and 30-minute 3-mm fluores- 
eence levels but not for BRB P to 
fluorescein. Accordingly, these results 
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“A Now Galturs M 


We studied the use of blood culture 
bottles for culturing vitreous specimens 
obtained during vitrectomy for infectious 
_ endophthalmitis. In a retrospective review 
` -of 83 cases, blood culture bottles yielded 
a 91% incidence of positive cultures. A 
laboratory comparison of direct media in- 
‘culation, a membrane filter system, and 
three blood culture systems was under- 
taken using inocula of nine organisms in 
three different concentrations. The blood 
culture bottle systems became positive at 
the same time as, or within 24 hours of, the 
` membrane filter system for nearly every 
organism tested. A prospective clinical 
comparison was also performed in 14 
. Cases of endophthalmitis, confirming our 
“laboratory findings. The direct inoculation 
of blood culture bottles may be an accept- 
_-able adjunct or alternative to more sophis- 
< ticated laboratory techniques for vitreous 
- cultures in infectious endophthalmitis. 

{Arch Ophthalmol. 1989;107:1334- 
a A337. 





[nfectious endophthalmitis continues 
~to be a problem of major proportion 
in ophthalmology. As with any infec- 
tion, the cornerstone of management 
includes identification of the responsi- 
ble organism and prompt institution of 
appropriate antimicrobial therapy. 
Several large series of infectious en- 
dophthalmitis report positive cultures 
in 50% to 75% of cases. The culture 
methods used in these clinical series 
Involve a variety of techniques, includ- 
ing the direct inoculation of small- 
-Volume vitreous samples into solid cul- 
-- ture media and broth and the use of a 
membrane filter system (MFS) for 
-large-volume vitreous aspirates ob- 
tained during vitrectomy." While the 
MFS produces a high yield of positive 
cultures when the specimen is properly 
delivered to the microbiology labora- 
tory and processed by experienced 
‘personnel,’ it is time-consuming and 
technically difficult for the surgeon to 
process the specimens in the proper 

























~ Accepted for publication May 23, 1989. 

- From the Department of Ophthalmology, Bas- 
om Palmer Eye Institute, University of Miami 
(Fla) School of Medicine (Drs B. J eondeph and 
‘Flynn and Ms Miller), and the Department of 
Ophthalmology, Wayne State University, Detroit, 
Mich {Dr H. Joondeph). Dr B. Joondeph is now 
-~ with the Department of Ophthalmology, Univer- 
_ sity of Nlinois at Chicago College of Medicine. 

: Reprint requests to Bascom Palmer Eye Insti- 
< tute, PO Box 016880, Miami, FL 33101 (Dr Flynn). 


Brian C. Joondeph, MD; Harry W. Flynn, Jr, MD; Darlene Miller, MT 


ethod for Infectious Endophthalmitis 


manner when the hospital microbiol- 
ogy laboratory is closed. 

The purpose of this study is to de- 
scribe a simple vet efficient method for 
culturing vitrectomy specimens in 
cases of infectious endophthalmitis. 
This technique involves the direct in- 
oculation of blood culture bottles 
(BCBs) with the vitreous specimen ob- 
tained at the time of vitrectomy. The 
simplicity of using BCBs is evident: the 
specimen can easily be processed in the 
operating room, allowing immediate 
placement of the specimen in growth 
media, and it can be left in an incuba- 
tor until the next day, when further 
processing can be performed by the 
laboratory personnel. We will first de- 
scribe a pilot series of cases managed 
by one of us (H.C.J.) using this method. 
After encouraging results in the pilot 
study, a laboratory comparison of the 
MFS and BCB was performed using 
prepared inocula of a variety of known 
endophthalmitis-producing orga- 
nisms. Finally, we compared BCB with 
the MFS in a prospective clinical series 
of patients who underwent a pars 
plana vitrectomy for endophthalmitis. 


SUBJECTS AND METHODS 
Pilot Study 


We reviewed 83 consecutive cases of clin- 
ical infectious endophthalmitis seen be- 
tween 1979 and 1988 by one of us (H.C.J.) in 
a private retinal referral practice. All pa- 
tients presented with clinical signs and symp- 
toms suggestive of infectious endophthal- 
mitis. All patients underwent a pars plana 
vitrectomy, using a 20-gauge, three-port 
system, with removal of as much purulent 
material from the anterior and posterior 
segments as safely possible. At the comple- 
tion of each case, the vitreous fluid was 
withdrawn from the sterile collection can- 
ister using sterile technique and inoculated 
into one or two sets of Bactec (Becton Dick- 
inson and Co, Cockeyville, Md) anaerobic 
and aerobic BCBs, 10 mL per bottle, depend- 
ing on the volume of the specimen collected. 
These bottles were then placed immediately 
in an incubator and were processed in the 
Same manner as blood cultures, subcultur- 
ing when visible growth appeared. All pa- 
tients received a commonly used regimen of 
intravitreal, subconjunctival, topical, and 
systemic antibiotics and corticosteroids 
based on current recommendations.*’ 


Laboratory Study 
Stock cultures of organisms recovered 
from previous cases of endophthalmitis 
cultured in the Ophthalmic Microbiology 
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Laboratory of the Bascom Palmer Eye In- 
stitute, Miami, Fla, were used in this por- 
tion of the study. These organisms include 
Staphylococcus aureus, Staphylococcus epi- 
dermidis, Haemophilus influenzae, Propi- 
onibacterium acnes, Pseudomonas aerugi- 
nosa, Serratia marcescens, Streptococcus 
viridans, Bacillus cereus, and Candida, al- 
bicans, all representative of the spectrum of 
pathogens commonly causing endoph- 
thalmitis. The organisms were harvested 
and diluted into the following concentra- i 
tions: 10°, 10°, and 10' colonies per milliliter ` 
of tryptie soy broth. 

Three commercially available BCB Sys- 
tems were used: Signal (Oxoid Limited, 
Hampshire, England), Septi-Chek (Roche 
Diagnostic Systems Inc, Nutley, NJ), and — 
Bactec (Becton Dickinson and Co). The Sig- 
nal system contains only one bottle de- 
signed to culture both aerobic and anaero- 
bic organisms, whereas the other two sys- 
tems are offered as sets, containing 
separate bottles for the recovery of both | 
aerobic and anaerobic organisms. The inoc- 
ulum volumes used were based on the man- 
ufacturer’s recommendations, 10 mL each 
for the Signal and the two Septi-Chek bot- 
tles, and 6 mL each for the two Bactec bot- j 
tles. Aliquots from each of the three dif- ” 
ferent concentrations of each organism 
were prepared, and inocula were injected 
using sterile technique into each of the 
three blood culture systems. An additional 
10 mL was passed through a 0.45-um filter. 
The filter paper was removed and placed in 
a sterile petri dish and cut into four pieces. 

A piece was put into thieglycolate broth and 

on blood agar, chocolate agar, and Centers 
for Disease Control (Atlanta, Ga) anaerobic 
blood agar plates. A drep from each inocu- 
lum was also placed directly intoa duplicate 
set of broth and solid media. The blood agar 
and chocolate agar plates were incubated at 
35°C in 5% carbon dioxide, the thioglyco- 
late broth at 35°C, and the anaerobic plates : 
in an anaerobic jar at 35°C. All cultures -! 
were checked twice daily for growth. When 
growth did occur, the time was noted and 
subcultures were performed to be certain 
that the organism growing was the same as 
that originally inoculated. The culture 5 
plates and BCBs were labeled by code so 
that the microbiologist was unaware of the 
inoculated organism when growth first oc- 
curred. Control cultures of each blood cul- 
ture system and growth medium were per- 
formed to exclude medium contamination. 
In addition, all blood culture systems were 
evaluated before the study to confirm that ~ 
the media would support these organisñhs. 


Prospective Clinical Study 


A consecutive series ef 14 patients pre- 


senting to the Bascom Palmer Eye Institute 


with signs and symptoms suggestive of in- E 
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fectious endophthalmitis, 
queatiy underwent 2 diagnostic and thera- 
peutiepars plama vitrectomy by members of 
the full-time faculty, were included in this 
stucy. A two- er three-port pars plana vi- 
trectomy was performed, based on the sur- 





staphylocoecus epidermidis 
a Staphylocoecus aureus 
| Streptococcus species 
Propionibacseriumsacnes 
Bacillus species 


Gostidium sertricgens 


Total 


Pseudomonas species 
Morganella species 
Proteus mirabilis 
Serratia rutsdaea 


candida albicans 

Aspergillus fumigatus 

Shodotorule rubra 
‘Total 





who subse- 


geon’s preference..Ai the start of the surgi- 


eal procedure, a 30emL syringe was con- 


nected to the aspiration line from the 
vitreetomy handpiece. The assistant pro- 


vided aspiration via‘the syringe during the 
“Initial portion ef thevitrectomy, withdraw- 


ing 20 mL of purulest material, which was 


useé for this stady. The aspiration line was 


then reconnected to the vitrectomy console, 
and the vitrectomy was completed. All pa- 
tients. received a standard regimen of in- 
travitreal and subcenjunctival antibiotics 


and corticosteroids.’ 


From this 20ml vitreous aspirate, 10 mL 
wasinjected into a Signal BCB. The syringe 
was shaken and thetop of the culture bot- 


tle was disinfected with alcohol before in- 
oculation. The other 10 mL was filtered 
threugh a 0.45pm filtering unit, the filter 
paper cut into four pieces, and each piece 
inoculated on the same four solid culture 
medium plates and liquid broth as used in 


ibed laboratory study. 





he previously dese 








Final! ly, a dropeof the vitreous aspirate was 
placed on each 
‘broth. 


medium plate and liquid 


RESULTS 
Piio: Study 


-o The patients m this pilot series 
- ranged in age from 6 to 92 years. The 
- etielegy of the endophthalmitis was 
‘postoperative in 76 cases (91%), trau- 
matic i in 4 cases (5% ), and endogenous 
“in 2 eases (4% ). OF the 83 patients with 
‘clinical 
who underwent diagnostic and thera- 


infectious endophthalmitis 


itic pars plana vitrectomies with 
tures of the vitrectomy specimen 


e using BCBs, "7 (93% ) had positive cul- 
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“Staphylococcus aureus 
Staphylococcus epidermidis ee 
Haemophilus influenzae 
Propionibacterium acnes 
Pseudomonas aeruginosa 
Serratia marcescens 
Streptococcus viridans 
Bacillus cereus - 
Candida albicans 
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P aeruginosa 
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Culture System 





*MFS indicates membrane filter system; NG, no growth in 1 week. Bactec, Sept#Chex, and Signal are @ blood , i 
culture bottle systems (see text for details). Values are hours. 


tures. Most cultures became positive 
within 1 to 3 days, although some 
slow-growing organisms, such as P ac- 
nes, took as long as 2 to 3 weeks before 
positive growth occurred. 

A single species grew from the vit- 
reous fluids in 74 of the 77 culture-pos- 
itive cases, and there were three mixed 
infections, for a total of 80 isolates. 
Gram-positive bacteria accounted for 
88% (70/80) of isolates, the single most 
common being S epidermidis (38 
cases), accounting for 48% of all iso- 
lates. Eight percent (6) of the isolates 
were gram-negative bacteria, and fun- 
gal isolates accounted for the remain- 
ing 4% of isolates (3) (Table 1). 


Laboratory Study 


Inocula containing 10° colonies per 
milliliter became positive 12 to 24 
hours after inoculation in all culture 
systems (direct, MFS, Bactec, Septi- 
Chek, and Signal BCBs) for all orga- 
nisms tested. The only exceptions were 
for P acnes, where the three BCB sys- 
tems became positive at 24 to 48 hours, 
and H influenzae, which grew only in 
the Septi-Chek blood culture system 
(Table 2). 


Inocula contain.ng 10° colonies per. ee 
milliliter became positive in the MFS 
at 12 to 24 hours for all organisms ex- oni 
to 48 hours were deqeares for growth. Bee 
The direct cultures became positive at = 
the same time as the MFS except for 
H influenzae and 7 albicans, where 24 — 
to 48 hours were sequired for positive - 
growth. At least sneof the BCB sys- 
tems became positive atthesametime 
as the MFS for saci i organism, and ee 











organisms except. We en, ty 
idans, and C albteans. 
tures were also negativ 
ganisms, but at least-one BCB system 
yielded S viridansane C albicans, Pro- 
pronibacterium acnes grew at 24 to 48 - 
hours in direct culture and the MFS, | 
although it did nct grow in any of the 
BCB systems. Fo” the remaining or- 
ganisms, at least one BCB system: be- 
came positive at the same time as the 
MFS, and all BCE s ystems were posi- _ 
tive within 24 hours ef the MFS cae ` 
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Patient Predisposing Direct 
No. Condition Cultured Organism Culture MFS BCB 
1 Trauma Staphylococcus epidermidis 12-24 24-48 
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30 Postoperative Propionibacterium acnes NG 7d NG 
_fequivocal) ee eee — 

4 ~~ Endogenous S epidermidis a 12-24 24-48 24-48 
5 Postoperative S epidermidis — 12-24 12-24 24-48 
e Postoperative „Pasteurella species —_ 4d ad. 24-48 
7 Postoperative —— Paenes č čćž oćĞă oőăćăćăä ăn 3d 12-24 
8 __ Postoperative S epidermidis 

9 
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Postoperative 





t1 Fostoperative P acnes 

12 Postoperative S epidermidis 
13 Postoperative None 

14 Postoperative P acnes 


_. 2). There was no growth in the control 
| cultures of any of the systems. 


Prospective Clinical Study 


The patients in this series ranged in 
age from 29 to 81 years. The predis- 
< posing factor for endophthalmitis was 
postoperative in 12 of the 14 cases, 
traumatic in 1 case, and endogenous in 
1 ease. Ten of the 14 cases had positive 
culture, and 1 case had an equivocal 
result (growth of one colony on a sin- 
gle medium plate). Of the 10 culture- 
positive cases, growth was first noted 
in the MFS in 4 cases, in the BCB in 2 
cases, and in both at the same time in 
the 5 remaining cases (Table 3). In 
cases when the MFS became positive 
first, the BCB was positive within 24 
hours. Of 5 cases of P acnes endoph- 
thalmitis in this series, the organism 
in 1 case grew first in the BCB, in 2 at 
the same time in both the MFS and 
BCB, and in 2 only in the MFS after at 
least 1 week. 


COMMENT 


_ The MFS has been used for culturing 
_ large-volume vitrectomy specimens at 
our institution for over 10 years. Such 
specimens have a low concentration of 
_ organisms due to the dilution effect of 
-the vitrectomy infusion fluid. The di- 
= rect inoculation of solid or liquid me- 
< dia with such a dilute solution would 
have a low probability of demonstrat- 
ing positive growth. The advantage of 
the MFS is that it concentrates and 
- collects the organisms in the specimen 
on a piece of filter paper. This filter 
paper can then be cut into pieces and 
- placed. in liquid broth and on a variety 


the specimen must be promptly 
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24-48 24-48 24-48 
OOO O 124 12-24 12-24 
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NG 3d 


_ *MFS indicates membrane filter system; BCB, blood culture bottle: and NG, no growth in 1 week. 


of solid media to enhance the chance of 
obtaining positive growth. However, 









brought to the microbiology labora- 
tory and processed by experienced per- 
sonnel for this system to be effective. 
Moreover, many hospital microbiology 
laboratories do not have the necessary 
equipment and facilities needed for the 
MFS. Finally, it is time-consuming 
and often difficult for the surgeon to 
process the specimen in the proper 
manner when the hospital microbiol- 
ogy laboratory is closed. This is a com- 
mon situation, since many cases of en- 
dophthalmitis are managed during the 
evenings and weekends. Thus, there is 
an advantage of immediate inocula- 
tion of BCBs by the surgeon in the op- 
erating room and placement in an in- 
cubator until the next day, when mi- 
crobiology personnel can further 
process the specimen. 

The inoculation of BCBs with body 
fluids other than blood is not a new 
idea. Blood culture bottles have been 
used for culturing ascitic fluid to im- 
prove the detection of spontaneous 
bacterial peritonitis.’ They have also 
been demonstrated to increase the 
yield of synovial fluid cultures in cases 
of bacterial arthritis.’ In these two 
clinical situations, as in cases of infec- 
tious endophthalmitis, one is dealing 
with a large volume of fluid with rela- 
tively few organisms. Furthermore, 
these clinical situations may present 
acutely when experienced microbiol- 
ogy personnel are not available. Again, 
the advantage of immediate inocula- 
tion of BCBs is evident. 

The idea of using BCBs in cases of 
endophthalmitis originated with one 
of us (H.C.J.). In his pilot series of 83 
cases of clinical infectious endoph- 
thalmitis, 98% were culture positive. 
This exceeds the incidence of posi- 
tive cultures in other large clinical 
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series.'* This high rate of positive cul- 
tures does not represent a selection 
bias, since all patients with clinical 
endophthalmitis, regardless of sever- 
ity, underwent a vitrectomy. The wide p 
variety of organisms isolated in this 
series is representative of the spec- 
trum of organisms found in other 
series'* (Table 1). Interestingly, even 
typically slow-growing organisms, 
such as P acnes and fungi, were iso- 
lated in the BCBs, but it may be neces- 
sary to observe the cultures for 2 or 
more weeks before determining that 
the culture is negative. 

The purpose of the laboratory por- 
tion of this study was to compare all of 
the culture systems, including direct 
culture, MFS, and three commercially _. 
available BCB systems, using inocula “# 
containing known concentrations of 
organisms that commonly cause en- 
dophthalmitis. The three concentra- 
tions tested attempt to simulate vary- 
ing severities of endophthalmitis, al- 
though this is not based on any 
scientific data. In fact, in experimental 
endophthalmitis, inocula of 10° colo- 
nies per milliliter are needed to pro- 
cure a clinical infeetion in rabbits.'° 
The lower two concentrations used in 
our laboratory study were intended to 
test the efficacy of the different culture 
systems. Although unlikely, it is still - 
possible that such small inocula could *. 
cause clinical infection. 

The highest concentration (10° colo- 
nies per milliliter) grew in all culture 
systems within 24 hours of inoculation. 
The only exception, P acnes, grew at 24 
to 48 hours in the BCB systems, re- 
flecting the slower growth of this or- 
ganism (Table 2). The middle concen- 
tration (10° colonies per milliliter) be- 
came positive in at least one of the 
three BCB systems at the same time as 
the MFS became positive for each or- 
ganism. Almost all of the remaining 
BCB systems became positive within 
24 hours of the MFS (Table 2). The `» 
lowest concentration inocula (10! colo- | 
nies per milliliter) grew in the MFS for 
all organisms with the exception of H 
influenzae, S viridans, and C albicans, 
three fastidious organisms. Interest- 
ingly, at least one BCB system yielded 
the latter two organisms. Propioni- 
bacterium acnes, however, did not 
grow in any BCB system at this low 
concentration, while it did grow in the 
MFS and direct cultures. The remain- 
ing organisms became positive in at 
least one BCB system at the same time 
as the MFS became positive. The re- 
mainder of the BCB systems became 4 
positive not more than 24 hours later 
(Table 2). 

Overall, the MFS appears to be 
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7t turely when 2? 


slightl ily more sensitive than either the 
direct. cultures or the BCB systems. 
While this difference is more apparent 
at the lower concentrations of orga- 
isms, again these low-concentration 
~ ince la are prebably not representa- 
tive of elinical endophthalmitis. The 
three BCB systems performed compa- 
rably for all erganisms tested, except 
H influenzae, which grew only in the 
Septi-Chek system. In addition to the 
brethin the Sesti-Chek bottle, there is 
an agar strip: also within the bottle, 
that facilitates the growth of H influ- 
zae. This organism requires cofac- 
tors such as ricetine adenine dinucle- 
otide and kemin, normally found in 
pleod, for grow’ ch. These cofactors are 
not found in blood culture broth, 
OW: ereas they are found in blood and 
chocolate agar plates used in the direct 
and MFS cultures and on the agar strip 
in the Septi-Chek BCB. If H influenzae 
is suspected, such as in cases of en- 
dophthalmitis due to filtering blebs,” 
the laboratory should be alerted to this 
faet. They can ‘hen add blood or other 
appropriate enrichments to enhance 
the growth of this organism." Propi- 
ormbacterium. wenes, another difficult 
organism to culture, may need at least 
2 weeks before growth is demon- 
strated, thus. ihe importance of not 
discarding negative cultures prema- 
acnes is suspected.” 
“Another potential disadvantage of 
the BCR systems is the need to perform 
sudeultures before identification and 
sensitivity testing. However, a Gram 
stain may be performed immediately 
on noting positive growth. Further- 
mere, the Sept:-Chek system, with its 
agar strip within the bottle, eliminates 
the need for subcultures. While blood 
cultures are known to be easily con- 
taminated by: skin organisms, our use 
of BCBs carries no more risk of con- 
tamination than does the MFS, since 
specimen collection via vitrectomy is 




















s. performed in the same manner regard- 
` Jess of which culturing system is em- 


the In fact, the BCB systems theo- 

etically have less risk of contamina- 
tien eompared with the MFS since the 
specimen is immediately inoculated 
into a BCR ia the operating room as 
opposed to be:ng transported to the 
jJaboratory and then going through 
maltistep processing required for the 
MEFS. 

In a final portion of our study, a 
clinical comparison of the MFS and 
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BCB systems in actual cases of endoph- 
thalmitis, the two systems performed 
comparably. The MFS was positive 
first in 2 cases by 24 hours and the BCB 
was positive first in 2 cases by 48 hours. 
Cultures in 5 cases became positive in 
the MFS and the BCB at the same time, 
and cultures in 3 cases were negative 
for both the MFS and BCB. Overall, 
positive cultures were obtained in 11 
(79% ) of 14 cases. Of 5 cases when P 
acnes was isolated, the organism in 1 
case grew first in the BCB, in 2 cases 
the two cultures became positive at the 
same time, and in 2 cases P acnes grew 
only in the MFS, although 1 of these 
cases had an equivocal culture result 
(growth of a single colony on only one 
medium). This confirms our results in 
the laboratory study that the BCB 
systems are generally positive at the 
same time as or no later than 24 hours 
after the MFS becomes positive. 
The Signal BCB system was chosen 
for this portion of the study because 
it is the only system currently used in 
our ophthalmic microbiology lab- 
oratory. 

Standard empirical treatment regi- 
mens are employed initially in nearly 
all cases of acute infectious endoph- 
thalmitis and are altered in the early 
treatment course based more on the 
clinical course than on the culture re- 
sults. Thus, if the BCB resulted in a 
24-hour delay for positive cultures, it 
would most likely not alter the clinical 
management. On the other hand, if a 
delay in proper application of the spec- 
imen to the culture medium occurs, or 
if the surgeon mishandles any portion 
of the filtering and inoculating process, 
a negative or erroneous culture may 
result. Herein lies the advantage of a 
simple culture method that the sur- 
geon can perform in the operating 
room with little chance of error. 

The criterion for a positive culture, 
as defined by Forster,’ is growth of the 
same organism on two or more media. 
Applying the same criterion to the 
BCB system, at least two BCBs grow- 
ing the same organism would consti- 
tute a positive culture. This illustrates 
the importance of inoculating at least 
two BCBs depending on the specimen 
volume unless one is also using the 
MFS or directly inoculating solid me- 
dia. 

We are not advocating replacement 
of the MFS by the BCB system, since 
the MFS remains a widely accepted 


standard and provides slightly higher 
culture yields tham tke BCB systems. 

For surgeons who have access to an. 
ophthalmic microbiology laboratory — 
experienced in the useof the MFS, the. 
use of both the MFS and BCR is rec- 
ommended to increase the chance of 
obtaining a positive eulture. For the 
majority of surgeons who do not. have 
such facilities available to them, or 
who are managing these cases after 
hours when microbiological technical 
support is unavailable; the direct inoc- 
ulation of BCBs provides a simple and 
efficacious alternative:to more sophis- 
ticated techniques for vitreous cul- . 
tures in infectious endophthalmitis. 


This investigation was supported in part by — 
Research to Prevent Blindness Inc, and in part by - 
the Helena Rubinstein Foundation, New. York, 
NY. 

We have no commercial orproprietary interest 
in any product discussed in this article. 
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© We report observations of 71 patients 
ith circumscribed choroidal hemangio- 
Each of these patients had a unilat- 
eral choroidal tumor with characteristic 
OF moscopic, fluorescein angio- 
c, and ultrasonographic features. 
e affected patients ranged in age from 
_ 9 to 86 years when diagnosed. Sixty-four 
(90%) of the 71 patients were followed up 
by us after their initial diagnostic exami- 
<- Ration. The median follow-up was 45.5 
_ Months (range, 6 weeks to 12 years). For- 
-= ty-two of the 64 patients were treated with 
=: ‘scatter photocoagulation to the tumor sur- 
face on one or more occasions for vision- 

os impairing or vision-threatening nonrheg- 
matogenous retinal detachment. The 



















-tachment and temporary visual improve- 

ment. but any patients have permanently 
di sed vision in the affected eye, par- 
ticularly when the tumor or the retinal de- 










the patients with 6/60 or better vi- 
al acuity at presentation are estimated 
de ate to less than 6/60 visual 
acuity within 10 years. 
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Arcumscribed Choroidal Heman gliomas 


Rajiv Anand, MD, FRCS; James J. Augsburger, MD; Jerry A. Shields, MD 


The circumscribed choroidal heman- 
gioma (CCH) is a benign vascular 
tumor that commonly causes visual 
impairment in the affected eye. The 
visual loss is usually due to a secondary 
serous nonrhegmatogenous retinal de- 
tachment, cystoid degeneration of the 
sensory retina, or both. A recent re- 
view has suggested that the CCH 
should be recognized as a distinct elini- 
copathologic entity and not as a forme 
fruste of the Sturge-Weber syndrome. 
In the past, the CCH was frequently 
mistaken for a malignant choroidal 
melanoma and the involved eye was 
sometimes enucleated.“ In one series 
of 21 cases of CCH in enucleated eyes 
from two centers, the correct preoper- 
ative diagnosis of choroidal hemangi- 
oma had been made in only 2 cases.’ 
Similarly, in a large series from the 
Armed Forces Institute of Pathology, 
Washington, DC, only 2 of 45 cases had 
a preenucleation diagnosis of heman- 
gioma.’ In recent years, increased clin- 
ical awareness of various pseudomela- 
nomas, combined with the judicious 
use of ancillary diagnostic studies, has 
greatly decreased the frequency of er- 
roneous diagnosis, and fewer eyes 
with choroidal hemangioma are enu- 
cleated.”° 
Several clinical series of CCH have 
emphasized the clinical features of 
these lesions and discussed the man- 
agement of affected eyes.” However, 
to our knowledge, no study has been 
directed toward determining the long- 
term visual outcome in a large series of 
treated patients. 
This study reports baseline clinical 
characteristics and summarizes the 


~ Management and follow-up of 64 pa- 
_. tients with CCH. Typical diagnos- 
tic features, alternative management 


techniques, and factors affecting vi- 
sual outcome are stressed. 


September 1989 








PATIENTS, MATERIALS, AND METHODS 
The computerized clinical database of all. 
patients on file at the Oncology Service at. 
Wills Eye Hospital, Philadelphia, Pa, was 
surveyed. Seventy-one patients with CCH 
were identified who had been personally 
examined by members of the oncology ser- 
vice between February 1974 and J anuary 
1987. The records of all of these 71 patients 
were reviewed. Some of the patients have 
been included in earlier reports,” 

All 71 patients had undergone a compre- 
hensive baseline ophthalmie examination 
as well as fundus photography, intravenous 
fluorescein angiography, and standardized 
A-scan ultrasonography. Three of the 71 
patients also underwent orbital magnetic 
resonance imaging. 

Subsequent to the baseline evaluation, 7 
of the 71 patients were returned to the eare 
of their referring ophthalmologist for con- 
tinued monitoring and/or treatment. The 
remaining 64 patients continued their fol- 
low-up, at least in part, in the ocular oncol- 
ogy service after their initial diagnostic ex- 
amination. Some of these patients who had 
an extrafoveal tumor and clinically identi- 
fiable potential for visual recovery under- 
went photocoagulation treatment to their 
tumor as described below. 

Treatment consisted of xenon arc photo- 


coagulation in the earlier patients with spot ©. 


sizes of 3° to 4.5°, with moderately intense 
burns placed evenly over the surface of the 


tumor. Later patients were treated exclu- _ 


sively with argon blue-green or green laser 
using spot sizes of 200 to 500 um, durations _ 
of 0.5 to 1 second, with moderately intense — 
burns placed over the whole surface of the 


tumor. The goal of treatment was to reat- 


tach the detached retina: no attempt was 
made to obliterate the tumor with intense 
treatment. Subsequent treatment sessions, 
if required, were performed in a similar _ 
scatter fashion. All treatment was per- 


formed by two of us (J.J.A. and J.A S3. = 





Presenting clinical factors abstrac m 


from the records included the patient's age, _ 


sex, and race, date of presentation, symp- 


toms and their duration, prior treatment, 
-best corrected Snellen visual acuity, size of 


the lesion, location of the posterior margin — : 
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of the tumor relative to the optic disc and 
foveola, location ef the anterior margin of 
the tumor relative to the ocular equator, 
and the extent of the retinal detachment. 
Treatment faetors abstracted from the 
clinical records included indications for 
treatment, photocoagulation instrument 
used, dates of treatment, and number of 
treatment sessions. 

The abstracted data were entered in a 
computerized database (MEDLOG Clinical 
Data Management System, Mountain View, 
Calif) for descriptive data analysis that in- 
cluded computation of summary statistics 
(frequency distribution, mean, median, and 
ranges) and cross-tabulation of presenting 
and last-recorded visual acuity. The rate of 
visual! loss to the level of legal blindness 
(<6/60) among patients who presented 
with best corrected visual acuity of better 
than 6/60 was assessed by the Kaplan- 
Meier method. 

Follow-up data were recorded in terms of 
duration to the mest recent visit, status 
(dead, alive, or unavailable for follow-up), 
and best correeted Snellen visual acuity on 
subsequent visits and at the final examina- 
tion. Enlargement (if any) of the tumor, 
extent of retinal detachment, complications 
of treatment, secondary macular changes 
(cystic or pigmentary), and possible cause if 
the final visual acuity was less than 6/15 
were also noted. Any unusual features in 
terms of coexistence of other ocular abnor- 
malities or cemplications were also re- 
corded. 


RESULTS 


The 71 patientsin this series ranged 
in age from 9 to 86 years (mean, 47.7 
years) at the time of presentation. Fif- 
ty-one (71.8%) were male and 20 
(28.2% ) were female. Sixty-six (93% ) 





Color Fig 1.—Circumscribed choroidal hemangioma nasal to the optic 
disc in the left eye showing amelanotic lesion with overlying metaplasia 
of the retinal pigment epithelium. 
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were white and five (7% ) were of other 
races. The right eye was affected in 42 
patients (59.2% ) and the left eye was 
involved in 29 patients (40.8% ). Nine of 
the 71 patients had been treated by 
their referring ophthalmologist but 62 
patients who were referred to the on- 
cology service had received no prior 
treatment. 

Seven (10% ) of the 71 patients were 
asymptomatic, while 64 (90% ) had vi- 
sual symptoms ranging from mild 
blurring of vision and metamorphop- 
sia to severe visual loss and loss of vi- 
sual field. Presenting visual acuities 
ranged from 6/5 (20/15) to no light 
perception. The median visual acuity 
was 6/30. 

All 71 hemangiomas were smoothly 
elevated, sessile or dome-shaped, red- 
dish orange choroidal masses that 
blended into the surrounding choroid 
(Color Fig 1). Fluorescein angiography 
typically revealed early hyperfluores- 
cence of the tumor during the choroi- 
dal filling phase, progressive hyperflu- 
orescence of the lesion during the 
arterial, venous, and recirculation 
phases, and progressive leakage of flu- 
orescein into the surrounding and 
overlying subretinal space in the late 
phase (Fig 1). The standardized A-scan 
ultrasonogram revealed a typical pat- 
tern of high amplitude internal echoes 
in every patient. The magnetic reso- 
nance imaging of three CCHs revealed 
the tumor to be hyperintense relative 
to the normal vitreous on the T,- 
weighted images and isointense with 


vitreous on the T,-weighted images 
(Figs 2 and 3). 


Size 


The tumors ranged in size from 3 to 
18.5 mm in maximal basal diameter 
(mean, 6.8 + 2.7mm) and from 1 to 7.5 
mm (mean, 2.9 + 1.2mm) in thickness. 


Location 


Sixty-eight (95.8% of the 71 CCHs 
were located entirely posterior to the 
equator, while 3 of the large hemangi- 
omas (all >12 mm in diameter and >5 
mm in thickness) extended partly an- 
terior to the equator. Sixty-two (86% ) 
of the 71 lesions were located 2 disc di- 
ameters or less fram tie foveola and 30 
(42.3% ) of them were actually subfo- 
veolar. Fifty-seven (80.3%) of the 71 
tumors were located within 2 disc di- 
ameters of the optic disc. 


Retinal Cetachment 


Fifty-five (77.5% ) af the 71 patients 
had a nonrhegmatogenous retinal de- 
tachment associated with the CCH at 
the time of presentation. In 26 eyes, the 
subretinal fluid was confined to the 
immediate vicinity of the tumor while 
in 29 eyes, the retinal detachment was 
more extensive. Five patients had a 
total retinal detachment. A few of the 
affected eyes showed fine intraretinal 
exudates within the detached retina, 
especially at the margin of the tumor; 
however, none showed prominent con- 
fluent hard exudates comparable with 





Color Fig 2.— Surface scatter photocoagulation of choroidal hemangi- 
oma shown in Color Fig 1, showing the technique of evenly spaced la- 
ser burns that cover the surface of the tumor anc slightly surround it. 
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Fig 1.—Intravenous fluorescein angiogram of circumscribed choroidal 
hemangioma shown in Color Fig 1 in the arterial phase. Note early hy- 





perfluorescence corresponding to large choroidal vessels within the tu- 


mor. 


those characteristic of Coats’ disease 
or retinal capillary hemangiomatosis. 
The detached retina appeared thick- 
ened and cystic with secondary pig- 
ment dispersion. Some eyes also 
showed peripheral pigment migration 
toward the inferior pole of the eye sig- 
nifying earlier subretinal fluid with 
spontaneous resolution. When there 
was a bullous retinal detachment, the 
subretinal fluid shifted with different 
positions of the patient’s head. In the 
majority of the patients, the retinal 
detachment was shallow, and shifting 
of subretinal fluid could not be clearly 
demonstrated. 


Follow-up 


Sixty-four (90% ) of the 71 patients 
were seen at least once following the 
initial diagnostic examination in the 
oncology service. The length of follow- 
up in these 64 patients ranged from 6 
weeks to almost 12 years (median fol- 
low-up, 45.5 months). Twenty-five of 
the 64 patients had been followed up 
for 5 years or more after the initial di- 
agnostic examination. 


Treatment 


The indications for treatment in the 
24 eyes at Wills Eye Hospital were se- 
rous retinal detachment involving the 
foveola in 21 eyes and threat to the fo- 
veola in 3 eyes. Forty-two patients 
(59% ) of the 71 in this series under- 
went treatment (Color Fig 2). Twenty- 
four were treated by members of the 
oncology service, 9 had received treat- 


ment prior to their initial examina- 
tion, and 9 were subsequently treated 
by their own ophthalmologist. Of the 
24 patients treated by the oncology 
service staff, 18 (75% ) were treated by 
argon blue-green or argon green laser, 
4 (16.7%) were treated with xenon 
photocoagulation, and 2 (8.3%) were 
treated using both argon and xenon 
photocoagulation on successive but not 
simultaneous visits. 

Twenty-nine patients (41%) were 
left untreated through their most re- 
cent follow-up. Of these, 17 (58.6% ) 
had a subfoveal tumor and it was con- 
sidered that laser treatment would ei- 
ther be of no visual benefit or would 
jeopardize their vision further (9 of 17 
already had a visual acuity of <6/60). 
Only 2 of the patients left untreated 
had a tumor located more than 2 disc 
diameters from the foveola with good 
visual acuity and attached retina. 


Results of Treatment 


Nineteen (79.2%) of the 24 treated 
eyes showed an initial resolution or 
reduction of subretinal fluid with im- 
provement in visual acuity within 1 to 
2 weeks after treatment. Despite the 
good initial response, 10 eyes (40%) 
had reaccumulation of subretinal fluid 
and required additional treatment. 
The number of re-treatment sessions 
employed in this group of patients 
ranged from one to five with a median 
of two sessions. At the end of their 
treatment, all patients showed com- 
plete resolution of subretinal fluid. 
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Fig 2.—Magnetic resonance image of large hemangioma showing hy- 
perintense image relative to vitreous on the T,-weighted image. 





Fig 3.—Magnetic resonance image of the 
same tumor in Fig 2 showing isointense image 
of the tumor relative to vitreous in the T,- 
weighted image. 


Final Visual Acuity 


The correlation between the pre- 
senting and final visual acuity in 64 
patients is shown in the Table. In 34 
(53.2% ) of the 64 patients, the vision 
had stabilized, in 13 (20.3% ) it had im- 
proved, and in 17 (26.5%) it had de- 
creased. 

The locations of the CCH and the 
duration of the subretinal fluid had 
strong correlation with the final re- 
corded visual acuity in these 64 pa- 
tients. Of the 26 patients with a subfo- 
veolar hemangioma, only 2 (7.7%) re- 
tained visual acuity ef 6/9 or better in 
the involved eye. In contrast, 9 (30% ) 
of the 30 patients with a parafoveolar 
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Initial Visual Acuity >6/6 


Cross-Tabuiation of Initial and Final Best Corrected Snellen Visual Acuity in the Involved 
Eye of 64 Patients With Circumscribed Choroidal Hemangioma * 


6/7.5 to 6/12 






Final Visual Acuityt 






6/15 to 6/60 <6/60 







* Seven of the 71 patients in our series did not have follow-up examinations in the oncology service, so this 
table does not include amy visual information on these patients. 
tFinal visual acuity refers to visual acuity measured at the patient's most recent follow-up examination in the 


oncology service. 


% With VA > 6/60 


1 2 3 4 





5 6 7 8 9 10 


Years After Initial Examination 


Fig 4.—Graph showing Kaplan-Meier estimate of progressive visual loss in patients (33 circum- 
scribed choroidal hemangiomas) presenting with a visual acuity (VA) of 6/60 or better. 


hemangioma and 3 (37.5%) of the 8 
patients with an extramacular tumor 
retained a visual acuity of 6/9 or bet- 
ter. Presented in another way, a final 
visual outcome of 6/60 or worse re- 
sulted in 69% of patients with a subfo- 
veolar tumor, 47% of patients with a 
parafoveolar tumor, and 38% of pa- 
tients with an extramacular tumor. 
Fifteen of the 26 patients with a sub- 
foveolar choroidal hemangioma had a 
persistence or recurrence of subfoveal 
subretinal fluid; nene of these eyes had 
a final visual acuity better than 6/15 
and 13 of the 15 had a final visual acu- 
ity of less than 6/60. 

Figure 4 shows a Kaplan-Meier esti- 
mate of the preportion of eyes with 
presenting visual acuity of better than 
6/60 that lostvisual acuity to a level of 
less than 6/60 during follow-up (33 
eyes in this series). Inspection of this 
figure reveals that the visual acuity in 
these eyes would fall to less than 6/60 
in approximately 36% over a 10-year 
period. A total of 46 (71.9%) of the 64 
patients who had follow-up on the on- 
cology service had a final visual acuity 
of less than 6/15. 

Of the unusual cases, one patient 
lost all vision in the affected eye de- 
spite complete resolution of subretinal 
fluid; there was ne clinical evidence of 
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optic nerve atrophy in this patient and 
the mechanism of total visual loss is 
not known. Two eyes developed ne- 
ovascularization of the optic disc and 
one of these developed vitreous hem- 
orrhage. Both eyes showed regression 
of the new vessels in response to fur- 
ther scatter photocoagulation. Two 
eyes had a coexisting choroidal nevus; 
one of these patients also had a basal 
cell carcinoma of the eyelid. One other 
patient had a chromophobe adenoma 
of the pituitary gland develop within 2 
years of diagnosis of CCH; the ade- 
noma was successfully treated. 


COMMENT 


This series of 71 cases of CCH is, to 
our knowledge, the largest clinical se- 
ries ever reported. The demographic 
features of the patients in this series 
are similar to those of previously re- 
ported series.*'° The one unusual de- 
mographic feature in our series was 
the rather pronounced male-to-female 
ratio, with 51 (71.8%) of 71 patients 
being male. In contrast, Witschel and 
Font? found almost equal distribution 
of male and female patients. The rea- 
son for this difference is not apparent. 

From this series, several important 
points can be made regarding CCH. 
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First, although CCHs are possibly 
present at birth, they typically remain 
undetected until the feurth to the fifth 
decades of life. Since our follow-up ob- 
servations indicate that these lesions 
generally enlarge minimally if at all 
during rather long intervals, we pre- 
sume that CCHs must-be present in an 
asymptomatic form and may remain 
undetected for many wears in most af- 
fected patients. Consequently, the cli- 
nician should not be surprised to iden- 
tify a previously undetected CCH in a 
middle-aged to olcer adult. 

Second, a localized choroidal tumor 
that is not orange-red is unlikely to be 
a CCH. Virtually all CCHs we have en- 
countered are truly erange-red. Con- 
sequently, if an amelanotic choroidal 
mass appears yellew to white, the cli- 
nician should strongly consider an al- 
ternative diagnosis. Third, a red-or- 
ange choroidal mass that is located 
entirely anterior to the equator is un- 
likely to be a CCH. The posterior mar- 
gin of virtually all of the CCHs we have 
studied is located within 2 disc diame- 
ters of the optic disc or the foveola. 
Consequently, a nonpigmented mass 
confined to the peripheral fundus is 
unlikely to be a CCH. 

The typical clinieal features may not 
always be present. Long-standing ret- 
inal detachment or previous treatment 
may lead to drusen fermation, fibrous 
metaplasia of the retinal pigment ep- 
ithelium, or even osseous metaplasia 
of the retinal pigment epithelium. 

A variety of treatment modalities 
have been suggested in the past for 
CCH. These include cryotherapy, pen- 
etrating and surface diathermy, and 
radiotherapy. Sinee most tumors are 
located in the macular region, there is 
no useful role, in our opinion, for cryo- 
therapy in the management of CCH. 
Similarly, surface diathermy probably 
has no therapeutic value since it would 
probably also produce extensive dam- 
age to the sclera and retina. Radio- 
therapy has not been thoroughly eval- 
uated in the management of CCHs," 
but we believe that low doses of radio- 
therapy may have a potential future 
role in selected cases. 

Laser photocoagulation!!!» is þe- 
lieved to be the best treatment for 
CCH. Presumably, the photocoagula- 
tion brings about an adhesion between 
the sensory retina and the retinal pig- 
ment epithelium allewing reattach- 
ment of the retina in the macular area. 
Choice of wavelength may prove to be 
important, although we did not ob- 
serve any difference between the eyes 
treated with argon blue-green, argon 
green, or xenon photecoagulation. For 
the juxtafoveolar or subfoveolar le- 
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sion, choice of yellow krypton or red 
krypton laser may be safer. 

In 1982, our group recommended 
surface scatter photocoagulation as 
the treatment of choice for CCH with 
visual impairment due to serous reti- 
nal detachment involving the foveola."” 
Owing to a lack of knowledge of the 
natural history of this tumor, we can 
only presume that untreated CCH 
leads to progressive retinal detach- 
ment and, ultimately, to total loss of 
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vision. In all of our patients, complete 
resolution of subretinal fluid was 
achieved by surface scatter photoco- 
agulation. In eyes where the present- 
ing visual acuity is poor (<6/15) owing 
to the subfoveal location of the tumor 
and/or chronic macular subretinal 
fluid, the ultimate visual prognosis will 
be poor. Even in eyes that have chronic 
cystoid and pigmentary macular 
changes, visual field is preserved by 
preventing progression of retinal de- 
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a series of 263 patients undergo- 
sehen bone marrow transplanta- 
BMT), 24 patients developed con- 
vai invelverrent by graft-vs-host 
sease (GVHD). In each case, a distinct- 
pearing coajunctivitis developed that 
| presented GVHO of the conjunctiva. in 
19 cases (79%), conjunctival GVHD pre- 
sented with pseudomembrane formation 
due to less of the conjunctival epithelium; 
in 4 of these cases, the corneal epithelium 
aes was ios! as well, Nineteen patients devel- 
-o oped this featureinassociation with acute 
GVHD, and mortality among these patients 
. was 89.5%. Kaplan-Meier analysis of sur- 
| vival demonstrated a decreased survival 
<. Cof patients with conjunctival involvement 
- compared with all-marrow transplant re- 
Ca cipients and compared with all patients 
< witk GVHD. Hewever, survival was similar 
<- to that seen im patients with severe sys- 
temic GVHD (overall stages I through IV). 
Five patients developed conjunctival 
GVHD in association with chronic GVHD, 
and all had sewere chronic GVHD. Four of 
these five with chronic GVHD subse- 
quently died. Conjunctival involvement by 
GVHD represents aciistinct clinical finding 
andis a marke: for severe systemic involve- 
ment by GVHB. A clinical staging system 
-for ocular invelvement was formulated. 
(Arch = Opathalmol. 1989; 107:1343- 
: i 
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in Bone Marrow Transplantation 


njunetival Graft-vs-Host Disease 


has failed or is expected to fail.“ Bone 
marrow transplantation uses the ab- 
lation of the patient’s own bone mar- 
row, with cytoreductive chemothera- 
peutic agents and total-body irradia- 
tion, followed by transplantation of 
donor bone marrow to reconstitute the 
patient’s hematologic function. There 
are three types of BMT: (1) allogeneic, 
in which an HLA-identical donor, such 
as a sibling, is used; (2) syngeneic, in 
which the donor is a monozygotic twin; 
or (3) autologous, in which case the 
patient’s own stored marrow is trans- 
planted. 

A major complication of allogeneic 
bone marrow transplantation is graft- 
vs-host disease (GVHD), in which the 
lymphocytes of the immunocompetent 
donor marrow mount an immunologic 
attack on the now immunoincompe- 
tent host.” Two distinct clinieal syn- 
dromes of GVHD have been described: 
acute GVHD (aGVHD), which occurs 
early in the posttransplant period, and 
chronic GVHD (cGVHD), which oc- 
curs late in the posttransplant period. 
Acute GVHD affects primarily the 
skin, liver, and gastrointestinal tract. 
Mild aGVHD of the skin presents as 
erythema and increases in severity as 
it affects an increasingly greater per- 
centage of the body surface area. In 
severe cutaneous aGVHD, there are 
bulla formation and desquamation.'*"' 
The pathogenesis is believed to be an 
immune-mediated attack on the skin 
epithelium by the donor lymphocytes. 
In aGVHD of the liver, there is a 
cholestatic type damage to the bile 
ducts, clinically manifested by hyper- 
bilirubinemia. Gastrointestinal in- 
volvement by aGVHD is clinically 
manifested by diarrhea and, in severe 
cases, results in extensive loss of the 
bowel epithelium.’*'* Standardized, 
semiquantitative grading systems 
have been developed for grading the 
severity of aGVHD.'*" In contrast to 
aG VHD, cGVHD presents with a secle- 
rodermoid or lichenoid skin reaction, 
and generalized scleroderma may 
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sented GVHD of he eonjuncity 
ever, we could not absolutely excl 
an infectious origin. Since that ti 
we have had more experience 
disorder, which appears tot 
GVHD of the conjunctiva. This 
details our experience with ¢ 
tival GVHD, its clinieal 
tions, and its relationship t 
GVHD. ` 


SUBJECTS AND METHODS 


All patients incladeé in this re 
ceived transplants accerding to t 
dard protocols used by the BMT Un 
Johns Hopkins Oncology Cent 
more, Md. Informed coasent was i 
for the transplant, as well as fora 
plant-related procedures. The prep 
marrow-ablative regimens were s 
ized according to the pretran: 
sis and have been described P 








` Case/Age, y/Sex/ GVHD 
_ Diagnosis Prophylaxis 
fo 1/257M7 AML Cyclosporine 
i 2/49/M/ ALL Cyclosporine 
_ 8/34/F/ AML Cyclosporine 
4/21/M/AA__ Methotrexate 
8/37 /F/ AML Cyclosporine 
6/34/F/AML Cyclophosphamide 
7/26/F/ AML Methotrexate 
8/18/M/ AML Cyclophosphamide 
9/22/M/LYM Cyclosporine 
10/34/M/CML Cyclosporine 
117 16/M/ AML Cyclosporine 
12717/F/CML Cyclosporine 
13/24/M/LYM Cyclosporine 
14/22/M/CML Cyclosporine 
15/6/M/AA Cyclosporine 
16/40/F/CML Cyclosporine 
17/6/F/LYM Cyclosporine 
18/20/M/LYM Cyclosporine 
19/ 23/M/LYM Cyclosporine 











[> Case/Age, y/Sex/ GVHD 











_ An general, for severe aplastic anemia, pa- 

> tients were treated with cyclophosphamide, 
-<80 mg/kg intravenously daily for 4 days or 
60 mg/kg intravenously daily for 2 days, fol- 
<: lowed by total-body irradiation at 8 Gy with 
_ lung shielding for 2 to 4 Gy. For acute non- 
lymphocytic leukemias (eg, acute myelocyt- 




















` travenously through a right atrial catheter. 
~All patients in this report underwent allo- 
-geneic marrow transplantation. 

- Inpatients undergoing BMT were evalu- 
-ated weekly by members of the BMT team 
_for the presence and severity of GVHD. The 
„results of this evaluation were recorded us- 
ing previously published scoring systems. 
In brief, involvement of each organ system 
(skin, liver, and gastrointestinal tract) by 
‘aGVHD is staged from 0 to 4, depending on 
.. the severity of involvement: stage 1, skin 


Diagnosis Prophylaxis 
20/24/M/AA Methotrexate 
21/13/M/ALL Cyclophosphamide 
22/20/M/LYM _ Cyclosporine 
23/21/M/ALL Cyclosporine 
24/31/F/CML Cyclosporine 


* GVHD indicates graft-vs-host disease; AML, acute myelogenous leukemia: ALL, acute lymphocytic leuke 
LYM, lymphoma; L, alive: D, deceased; Onset, onset of conjunctival disease after bone marrow transpiant 


aGVHD Conjunctivitis 
ji Pseudomembranous 
ji Pseudomembranous corneal disease 
fi Pseudomembranous 
IV Pseudomembranous 
if Pseudomembranous 
IV Pseudomembranous 
ili Pseudomembranous 
iil Pseudomembranous corneal disease 
H Pseudomembranous 
Ht Pseudomembranous 
E Chemotic 
i Chemotic 
ii Chemotic 
ji Pseudomembranous corneal disease 


if Pseudomembranous corneal disease 
i Pseudomembranous 

renee dissin lahat abe l 
if Pseudomembranous 


i Serosanguineous 18 347 
| ti Pseudomembranous 77 i 

-_* GVHD indicates graft-vs-host disease; aGVHD, acute GVHD; AML, acute myelogenous leukemia; 
“kemia; AA, aplastic anemia: LYM, lymphoma; L, alive; D, deceased: Onset, onset of conjunctival dise 
£ marrow transplantation; and Stage aGVHD, overall stage of acute GVHD. 















Onset, d Current Status Survival, d 
36 D 63 
4] D 47 
49 L 3166 
35 D 66 
39 D 59 
74 D 146 
21 D 43 
45 D 119 
28 D 87 
42 D 55 
22 D 46 
34 D 41 
11 D 107 
77 D 119 
48 D 79 
40 D g1 
35 D 43 
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ALL, acute lymphocytic leukemia: CML, chronic myelogenous leu- 
ase after bone marrow transplantation: Survival, survival after bone 





Conjunctivitis Onset, d Current Status Survival, d 
Pseudomembranous 120 D 132 
Pseudomembranous | 00 L 3101 
Pseudomembranous 146 D 223 
Serosanguineous | 360 D | 613 
Pseudomembranous 209 D 438 





involvement by aGVHD involves less than 
25% of the total body surface area; stage 2, 
29% to 50% involvement; stage 3, greater 
than 50% involvement; and stage 4, bulla 
formation. Clinical staging of liver disease 
is based on elevation of the liver enzyme 
and bilirubin levels, while staging of gas- 
trointestinal involvement is based on the 
volume of diarrhea. The overall clinical 
stage is rated from 0 to IV based on the ex- 
tent and severity of the specific organ stag- 
ing, with overall stages II through IV hav- 
ing involvement of at least two organ sys- 
tems by aGVHD. As part of this evaluation, 
one of us (D.A.J.) performed weekly exam- 
inations for the development of conjuncti- 
val manifestations of aG VHD. Ocular eval- 
uations were carried out during two peri- 
ods: the first was from October 1979 
through December 1980, during which 42 
patients were enrolled in a prospective 
evaluation of the ocular complications of 
BMT. This period corresponds to our previ- 
ously published clinical study.” No inpa- 
tients were evaluated prospectively by an 
ophthalmologist from January. (1981 
through June 1984, but since July 1984 all 
inpatients have again been evaluated pro- 
spectively for evidenee of conjunctival 
GVHD. This study includes all patients un- 
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mia; CML, chronic myelogenous leukemia ; AA, aplastic anemia: 
ation; and Survival, survival after bone marrow transplantation. 





dergoing transplantation through January 
1, 1988, and followed up through J uly 1988. 
In addition, since July 1984, patients un- 
dergoing BMT have been evaluated pro- 
spectively 6 months after transplantation, 1 
year after transplantation, and annually 
thereafter for up to 5 years by an ophthal- 
mologist for the ophthalmic complications 
of BMT. For the purposes of the study, acute 
conjunctival GVHD was defined as occur- 
ring prior to 100 days after transplantation, 
while chronic conjunctival GVHD occurred 
at or after 100 days after transplantation. 

All patients were treated prophylacti- 
cally to minimize the development of 
GVHD with methotrexate, cyclophospha- 
mide, cyclosporine, or a combination of 
methylprednisolone and either cyclophos- 
phamide or cyclosporine. Initially patients 
were treated with methotrexate or cyclo- 
phosphamide, but after 1984 patients were 
generally treated with cyclosporine. The 
initial treatment of aGVHD consisted of 
intravenous methylprednisolone at a dos- 
age of 2.5 mg/kg daily for 4 days followed by 
a tapering schedule. The subsequent treat- 
ment of refractory aGVHD was individual- 
ized, but in general consisted of either 
high-dose cyclosporine or antithymocyte 
globulin. Chronie GVHD was treated with 
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Fig 1.—Corneal epithelial slough in association with pseudomembranous conjunctivitis after bone mæ row 


transplantation. Left-hand colu 
and right, Early changes. Center left and right, One mont 


mn is view of the right eye; right-hand column is view of the left eye. Top left 
h later, with severe changes and fully develepec 


disease. Conjunctival ulcerations are apparent along the lid margin, and only a rim of corneal epithelium re- 
mains. Bottom left and right, Fluorescein staining showing extensive loss of corneal epithelium. 


prednisone, at a dosage of 1 mg/kg every 
other day, and azathioprine sodium, at a 
dosage of 1.5 mg/kgdaily, for a minimum of 
6 months, follewed by a tapering schedule. 

Survival curves were calculated using the 
method of Kaplan and Meier.” All times 
(eg, survival data) were expressed as the 
number of days following bone marrow in- 
fusion. Data were analyzed as of July 1, 
1988 
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RESULTS 

During the initial phase of the study, 
42 patients undergoing allogeneic BMT 
were evaluated, and during the second 
phase of the study, 221 patients under- 
going allogeneic BMT were evaluated, 
for a total population of 263 patients 
undergoing allogeneic BMT. Nineteen 
patients developed a severe conjunc- 


tivitis in association with aGVHD, 
while 5 patients developed it in associ- 
ation with eGVHD. The frequency of 
conjunctival invo vement by aGVHD 
was 7.2% and by -GVHD was 1.9% of 
all patients undesgomg BMT. During 
these time periods, 158 patients devel- 
oped aGVHD and 44 developed 
eGVHD, giving f-equencies of 12.0% 
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for conjunctival involvement in pa- 
tients with aGVHD and 11.1% for 
conjunctival involvement in patients 
with eGVHD. The demographic char- 
acteristics, systemic GVHD involve- 
ment, day of onset of the conjunctival 
GVHD, current status, and survival 
are outlined in Tables 1 (for aGVHD) 
and 2 (for cGVHD). 

For the 19 patients with conjuncti- 
val involvement by aGVHD, the me- 
dian day of onset after transplantation 
was day 39, which was 14 days after the 
median onset of their first manifesta- 
tion of aGVHD. Of the patients with 
aGVHD, 15 developed a severe con- 
junctivitis with pseudomembrane for- 
mation (Fig 1). Histologic evaluation 
of two pseudomembranes revealed 
that they consisted of fibrinous mate- 
rial with cellular debris and acute in- 
flammatory cells. In addition, 4 (27%) 
of these 15 patients developed slough- 
ing of the corneal epithelium in asso- 
ciation with this pseudomembranous 
conjunctivitis. In 3, greater than 80% 
of the corneal epithelium was lost as a 
single event, leaving only a small rim 
of epithelium at the limbus (Fig 1), 
while in 1 patient approximately 40% 
of the conjunctival epithelium was 
lost. The corneal epithelium regener- 
ated from the limbal remnant with 
appropriate local measures to promote 
its healing (eg, patching) and treat- 
ment of the systemic GVHD. We did 
not find that topical corticosteroids 
were necessary in the treatment of this 
process; however, we did not system- 
atically study their use. 

An additional four patients with 
aGVHD developed a slightly less se- 
vere conjunctivitis, in which there was 
no pseudomembrane formation, but in 
which a chemotic response or a sero- 
sanguineous exudate or both were 
present. The serosanguineous phase 
appeared to represent an earlier or less 
severe manifestation, as two patients 
with pseudomembrane formation 
were observed to initially develop such 
a serosanguineous phase and then 
progress to pseudomembrane forma- 
tion. All patients with conjunctival 
GVHD had evidence of systemic 
GVHD elsewhere, including in a skin 
biopsy specimen. 

Conjunctival biopsy was performed 
on three patients with aGVHD and 
conjunctival involvement. In two pa- 
tients with pseudomembranous con- 
junctivitis (cases 4 and 9), a biopsy 
specimen revealed those changes clas- 
sically seen in severe aGVHD of the 
skin, including a mononuclear inflam- 
matory infiltrate of the substantia pro- 
pria and loss of the conjunctival epi- 
thelium (Fig 2).'* In one patient with 
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Fig 2.—Conjunctival biopsy specimen from a patient with acute graft-vs-host disease affecting the 
conjunctiva after bone marrow transplantation showing an inflammatory infiltrate in the substantia 
propria and separation of the conjunctival epithelium (arrow) (hematoxylin-eosin, X 130). 


milder conjunctival involvement (case 
12), a conjunctival biopsy specimen re- 
vealed changes similar to those seen in 
milder skin involvement by aGVHD, 
including lymphocyte migration into 
the basal epithelium and dys- 
keratosis.'* Autopsy specimens of the 
eyes of an additional two patients with 
pseudomembranous conjunctivitis, 
whose epithelium had regenerated 
with treatment of the GVHD (cases 2 
and 8), revealed similar changes con- 
sistent with those seen in aGVHD of 
the skin.’ In no case was any evidence 
of an infectious process seen. In addi- 
tion, conjunctival scrapings or cul- 
tures from six patients were either 
normal or revealed only skin flora. 
Only 2 (10.5%) of the 19 patients 
with conjunctival aGVHD have sur- 
vived to date. The other 17 (89.5% ) 
died, and the median survival of pa- 
tients with aGVHD of the conjunctiva 
was 76 days after transplantation and 
36 days after the onset of conjunctival 
aGVHD. Using Kaplan-Meier analy- 
sis, we compared the survival in these 
patients with that for all patients un- 
dergoing BMT (median, 480 days) and 
found it to be significantly decreased 
(P = .0007). Survival was compared 
with that in patients who developed 
any stage of aGVHD and also found to 
be significantly decreased (median 
survival for patients with aGVHD 
without conjunctival involvement, 177 
days; P < .02) (Fig 3). However, sur- 
vival in patients with conjunctival in- 
volvement was comparable with that 
found in patients with severe aGVHD 
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(overall stage II or greater: median 
survival, 78 days) (Fig 4). Thus, con- 
junctival involvement by aGVHD 
seemed to be a marker for severe Sys- 
temic aGVHD. Similarly, when the 
prevalence of conjunctival involve- 
ment was analyzed for each overall 
stage of GVHD, there was a significant 
association of conjunctival involve- 
ment and more severe overall GVHD 
(Table 3, x? analysis for trend: 
P < .0001). 

Cyclosporine prophylaxis has been 
reported to decrease the severity of 
aGVHD without significantly decreas- 
ing its overall incidence.” We analyzed 
our data to see if the type of GVHD 
prophylaxis altered the likelihood of 
aGVHD of the conjunctiva. Of the 49 
patients given prophylactic agents 
other than cyclosporine, 6 (12%) de- 
veloped aGVHD of the conjunctiva; 13 
(6%) of the 214 patients given cyclo- 
sporine developed conjunctival 
aGVHD. While this difference appears 
suggestive, the result was not statisti- 
cally significant (x: P = .13). 

Five patients were identified with 
conjunctivitis in association with 
cGVHD. Four of these patients had 
pseudomembranous conjunctivitis, 
and the fifth had a milder serosanguin- 
eous conjunctivitis associated with a 
conjunctival biopsy specimen consis- 
tent with GVHD of the skin. Conjunc- 
tival biopsies were performed on two 
of the patients with conjunctival in- 
volvement by cGVHD (cases 22 and 
23), one of whom had an earlier biopsy 
when he had aGVHD but no conjunc- 
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Fig 3.—-Kaplan-Meier survival curves after bone marrow transplantation 
omparing survivaf'for those with acute graft-vs-host disease (aGVHD) 
nd conjunctival involvement with that for patients with aGVHD and no 
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Fig 4. —Kapian-Meier survival curves after bon marrow transplantation 
comparing survival for patients with no acute geaft-vs-host disease 
(aGVHD), patients with overall stage | aGVHD, and patients with: severe 


aGVHD (overall stages Il through IV). 
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Conjunctival involvement 





Description 


Conjunctival hyperemia with chemotic response or serosanguineous exudate 
Fseudomembranous conjunctivitis 





Pseudomembranous conjunctivitis plus corneai epithelial siough 


“ GYHC indicates aratt-vs-host disease. 


i tivitis and a second biopsy when there 
was 


conjunctival involvement by 






cGVHD (case 22). When conjunctivitis 
‘due to ceGVHD was present clinically, 
‘the conjunctival biopsy revealed 
i changes consistent with those seen in 
theskin in GVHD. Conversely, the bi- 

opsy dene when there was no clinically 

evident disease revealed none of these 
changes. Only one of the five patients 

who Geveloped severe con] junctival 
GVHD in association with eGVHD is 

currently alive; the other four have 

died. Because of the small number of 
patients involved, formal statistical 
analysis of survival cannot be per- 
formed. All five of these patients had 
“severe systemic complications of 
VHD, suggesting that conjunctival 
-involvement by eG VHD similarily rep- 

- cresents a marker for severe cG VHD. 
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COMMENT 

In addition to the more commonly 
recognized features of aGVHD affect- 
ing the skin, liver, and gastrointestinal 
tract, it has more recently become ap- 
parent that mucous membranes, in- 
eluding the conjunctiva and orophar- 
ynx, may be involved. We have recog- 
nized a distinct, relatively severe form 
of conjunctivitis that appears to be a 
marker for severe GVHD. This lesion 
is seen only in patients with GVHD, 
and there has been no evidence of any 
infectious process. Furthermore, this 
conjunctivitis was not seen in 250 au- 
tologous transplants followed up dur- 
ing the same period, again emphasiz- 
ing the relationship with GVHD. His- 
tologic examination has revealed 
changes similar to those seen in the 
skin with GVHD." These changes in- 


clude lymphocyte migration into the . 
basal epithelium of the conjunctiva, eae 


presence of dyskeratotic cells, and, 
with more severe disease, subepithe- 
lial microvesicle forr 
mately total separation of the epithe- 
lium. Immunohistolegic analysis. of 
the mononuclear celis present in the 
inflammatory infi trate in the conjunc- 
tiva of one patient has suggested that, 
in aGVHD, it is largely a T-lympho- 
cyte- mediated precess with a predom- == 
inance of CD4* helper T lymphocytes 
over CD8&* 
lymphocytes.” These conjunctival: 
changes seem to be characteristic and 
to be a marker for severe GVHD as ev- 
idenced by the poor sarvival. Further- 
more, 27% of the patients with 
pseudomembrancus conjunctivitis and 
aGVHD sloughec part or almost all 
the corneal epithelium. Conjunctival 
involvement by eGVE 
associated with a-similarly aggressive 
cGVHD. These changesin the conjunc- 











tiva represent a mucositis and are dis- =` 






tinct from the dry-eye problems 
typically described with cGVHD perme 


tients ape aGV p o n in some pa we = 
have seen six additional patients (all 





since 1984) with nonspecific conjuncti- =< 


val injection and aGVHD but without 
any of the other kalk 
tival GVHD noted at 











diagnosis of aG¥ 


In these patients, the conjunctival in- T 





jection has resoived with the treat- 


ment and resolution of the systemic = 


GVHD. We now believe this nonspe- 
cific conjunctival. injection rep sene 
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mation, and ulti- es 


suppressor/cytotoxic — | 


D seems to be ` : 


marks of conjunc- ` 
bove. All patients =- 
have had histologic confirmation ofthe 
VHD by skin biopsy. 

























































recently become aware of this milder 














form of conjunctival involvement, and 
because the changes are nonspecific, 
esti frequency cannot be 
t this time. Similarly, no sta- 

ica lysis of survival was per- 
formed for this milder form of involve- 


ment. However, four of the six patients 
with milder disease are still alive, 
-suggesting that this does not have the 
“same prognostic significance as the 
more severe and characteristic con- 
junctival GVHD described above. The 
features of the more severe conjunc- 
ivitis are more easily recognized, are 
more specific, and signify the impli- 
ations of severe GVHD. This situa- 
jon is analogous to the overall Sys- 
emic involvement, in which mild 
GVHD (overall stage I) does not have 
an adverse effect on survival, but 
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by aGVHD. Because we have only 


vival.” 

We would therefore propose the 
staging system outlined in Table 4asa 
potential staging system for conjunc- 
tival involvement by GVHD after 
BMT. Stage 1 is conjunctival hypere- 
mia without other changes, which is 
analogous to the mild erythroderma 
seen in patients with lower stages of 
skin GVHD. Stage 2 represents an ev- 
olutionary and more severe response, 
in which there is a chemotic response 
or a serosanguineous exudate or both. 
The serosanguineous exudate may 
progress to pseudomembrane forma- 
tion, which is stage 3 disease. More of- 
ten stage 3 disease presents initially 
without passing through earlier 
phases. Stage 4 disease occurs when 
patients with pseudomembranous con- 
jJunctivitis also have a corneal epithe- 
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~ dial slough and represents a more se- 


more severe aGVHD (overall stages : 
H through IV) does decrease sat 





vere ocular involvement. As in the sit- 
uation with systemic GVHD, stage 2or 
higher changes reflect a severity of 
disease associated with a poorer sur- 
vival. 

In conclusion, GVHD after marrow 
transplantation may affect the con- 
junctiva. It is important for ophthal- 
mologists in centers where BMT is be- 
ing conducted to be able to recognize 
this finding, as it is a marker for severe 
GVHD. Recognition of this fact may be 
of assistance in designing appropriate 
therapeutic protocols to improve the 
treatment of GVHD, while allowing 
for the appropriate management of 
the ocular problem. 
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, immunophenotypic Characterization of an 
Unusual T-Cell Lymphoma Presenting as Anterior Uveitis 


A Clinicopathologic Case Report 


Stacia H. Goldey; George A. Stern, MD; David J. Oblon, MD; Nancy P. Mendenhall, MD; Linda J. Smith, PhD; Ricardo E. Duque, MD 


è A 54-year-old woman presented with 
a unilateral, anterior uveitis that pro- 
gressed to hypepyon over 4 months 
despite treatment with steroids. One hun- 
dred percent of the cells collected from 
aspirates of the anterior chamber of the 


— affected eye were morphologically large 


granular 'ymphocytes. The aspirated cells 
were demonstrated by flow cytometry to 
be a uniform pepulation of T lymphocytes 
with a diploid genome and an S fraction of 
2.3%. Or further investigation, the patient 
was found to have an extensive abdomi- 
nal malignant lymphoma with the same 
immunophenotype but different morpho- 
logic features than the anterior chamber 
lymphoic infiltrate. In contrast to the cells 
in the anterior chamber, the abdominal 
tumor was highly aggressive as indicated 
by the cellular morphologic features and 
the S fraction of 42%. DNA hybridization 


+ studies ef the abdominal lymphoma dem- 


onstrated a T,- T-cell receptor gene rear- 
rangement. The use of these modern 
diagnostic methods should facilitate the 
diagnos of intraocular lymphomas and 
may have important therapeutic and prog- 
nostic implications in the future. 

(Arch Ophthalmol. 1989;107:1349- 
1353) 


sedagnods of non-Hodgkin’s lym- 
phoma is based on a combination 
of morphologic appearance, immuno- 
phenotypic cemposites, and/or abnor- 
malities in DNA content.'* The diag- 
` nosis ef malignant lymphoma in 
extranodal lymphoid sites, such as the 
eye, can be quite difficult.’ Cellular 
suspensions of reactive lymphocytes 
may resemble normal lymphocytes or 
may mimic malignant lymphoid cells. 
Therefore, alternative approaches 
such as the demonstration of mono- 
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clonality, aberrant phenotype, abnor- 
mal phenotypic distribution, and/or 
aneuploidy are necessary to confirm a 
malignant neoplasm.’ 

The detection of a rearrangement of 
immunoglobulin or T-cell receptor 
genes by Southern blot analysis is 
indicative of the presence of an abnor- 
mal, clonal lymphoid expansion.’ Flow 
cytometric analysis with monoclonal 
antibodies directed toward various 
cell surface antigens can easily dem- 
onstrate the immunophenotype of cell 
populations and the DNA ploidy and 
cell cycle characteristics of the entire 
cell population or of a selected 
subset of cells (eg, suspected tumor 
cells admixed with normal tissue). 
Cytogenetic analysis (karyotyping) 
may provide additional information 
regarding the DNA of suspected 
malignant cells. These modern tech- 
niques have improved the relative 
lack of reproducibility and inherent 
subjectivity associated with the mor- 
phologic diagnosis of lymphoid pro- 
cesses. 

Non-Hodgkin’s lymphoma present- 
ing within intraocular structures is 
rare. Manifestation of lymphoma in 
the eye usually occurs during the pro- 
gression of a generalized lymphoma- 
tous disease.** Only 87 cases of intra- 
ocular lymphoma have been reported 
to date.» When the uvea is involved in 
lymphoma, the clinical picture is 
often interpreted as a uveitis.®”'° In 
fact, lymphoma, as well as other 
intraocular tumors, is an important 
cause of the masquerade syndrome of 
anterior uveitis.” 

We report an unusual case of intaoc- 
ular T-cell lymphoma that initially 
presented as a mild, unilateral, ante- 
rior uveitis in which a hypopyon even- 
tually developed despite steroid treat- 
ment. A preliminary diagnosis of ma- 
lignant lymphoma was made based on 
immunophenotypic and DNA ploidy 
analysis as well as the monomorphic 
appearance of cells obtained from the 
anterior chamber of the eye, prompt- 
ing further diagnostic evaluation for 
systemic disease. The patient was 
found to have an extensive small- 


bowel, retroperitoneal, and mesenteric 
lymphoma, although she was entirely 
asymptomatic except for her ocular 
complaints. Because ef prompt diag- 
nosis through anterior chamber para- 
centesis and initiatien of radiation 
therapy, enucleation was avoided in 
this patient and her vision was spared. 


REPORT OF A CASE 


A 54-year-old white weman had a 4- 
month history of progressively worsening 
vision, mild ocular irritation, redness, and 
a markedly dilated pupil in her right eye 
that began in March 1988. The initial diag- 
nosis was a chronic, nongranulomatous, 
anterior uveitis in the right eye. Treatment 
with topical, oral, and subconjunctival 
injections of steroids over a 3-month peri- 
od was ineffective. The inflammation 
worsened and a hrpopyon developed in 
early July 1988. The patient was free of 
pain and photophobia at this time. 

An ocular exammation by one of us 
(G.A.S.) at the University of Florida Eye 
Center, Gainesville, in July 1988, revealed 
a best corrected visual acuity of 20/40 OD. 
Biomicroscopic examination demonstrated 
flare (2+) and cells (4+) with a 5% hypo- 
pyon in the anteriorchamber and minimal 
keratic precipitates in the right eye. The 
vitreous and posterior segment were nor- 
mal as were the conjunctiva, lens, and 
sclera of the right eye. The intraocular 
pressures were 10 mm Hg in the right eye 
and 13 mm Hg in the left eye; the right 
pupil was 6 mm in size and nonreactive to 
light or accommodation both directly and 
consensually. Findings frem examination 
of the left eye were normal. 

Based on the presentation of marked 
intraocular inflammation without pain in 
the right eye, a tumor masquerading as 
uveitis was suspected. An anterior cham- 
ber aspiration was performed. The cells 
obtained in this first aqueous aspirate 
were described morphologically as 100% 
atypical large granular lymphocytes. A 
second aspiration was performed to obtain 
more cells for immumnophenotypic analysis. 
The results of this analysis (see “Patholog- 
ic Findings” sectiom prompted a complete 
systemic evaluatiom of the patient. 

The patient denied fevers, chills, night 
sweats, or weight loss. Results of her phys- 
ical examination were normal except for 
the ocular findings; she had no lymphade- 
nopathy or splenomegaly. Laboratory 
examination revealed normal findings 
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Fig 2.—Biomicroscopic photograph of the right eye as it appeared on 
repeated examination on July 29, 1988, showing a 10% hypopyon 


tracking up the temporal side of the iris with associated iris thicken- 
ing. 





Fig 3.—Gross pathology photograph of the serosal Surface of the 
excised portion of midileum demonstrating multiple tumor nodules. 





Fig 1.—Abdominal computed tomographic scan. Top, A 1.5 X 1.5-cm 1 
enlarged pelvic lymph node anterior to the right psoas muscle (a with Be 
arrow). Center, Abnormal thickening of the small-bowel wall (b with & 

arrow) and abnormal thickening of the gallbladder wall with sludge in the 


gallbladder (c with open arrow). Bottom, A central hypodense area in the 
spleen (d with arrow). 


Fig 4.—Light microscopic photograph of a cytocentrifuged preparation 
of the cells obtained from the first anterior chamber aspirate. Note the 
irregular nuclear contours, ample cytoplasm, and granulation identify- 


ing them as large granular lymphocytes (Wright’s-Giemsa stain, original rs) 
magnification X400). 
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id liverfunction studies. Results of 
and immunophenotypic analysis 
eral blood leukocytes were nor- 
jone marrew biopsy specimen dem- 
ed two microscopic foci of large 
r lymphocytes similar to those seen 
nteriorschamber aspirates. Results 
spinal flual analysis, including cyto- 
- logis study, were within normal limits. 
Radiographic examination with chest 
‘yoentgenogram and computed tomograph- 
ie seans of the head and chest were within 
normal limits. 
A computed tomographic sean of the 
_ abdomen revealed nonspecific findings of 
an enlarged peivie lymph node anterior to 
“the right psoas muscle, abnormal thicken- 
ing. of the small-bowel wall, and abnormal 
thickening of the gallbladder wall with 
dei 





















in the gallbladder, and a centrally 
hypodessearea in the spleen (Fig 1). 
e gastrointestinal tract series con- 
the abnormality in the small bowel, 
with a 30-cm leagth of mucosal irregularity 
jin aw nodular pattern. 
A repeated ccular examination revealed 
that the patiert’s visual acuity had deteri- 
erated to 20/50 OD. Subjectively, her 
visien was more hazy than it had ever been 
and she noted several scotomata in her 
right visual field. The existing hypopyon 
had increased to 10% with a flare (4+) and 
cell reaction G+) in the right anterior 
chamber. The iris was thickened and lay- 
ering of cellular material on the iris face 
was noted (Fig 2). The lens, vitreous, and 
retina remained normal in the right eye. 
The left eye remained uninvolved. 
a Because of her deteriorating visual acu- 
" dty m the righteye and given the tentative 
diagnosis of intraocular lymphoma, the 
patient began a course of 10 external beam 
radiation treatments to the anterior cham- 
ber of the right eye for a total dose of 20 
Gy. The patient responded well to the 
course of radiation therapy that was com- 
pleted on August 22, 1988. Reexamination 
on September 20, 1988, revealed a best 
corrected visual acuity of 20/30, complete 
resclution of the hypopyon, and a rare cell 
in the anterior vitreous. The retina 
remained clinically uninvolved as did her 
entire left eve: Her ocular condition has 
remained stabie since completion of the 
radiation therapy to the right eye. 
«An exploratery laparotomy performed 
> in August 1988. demonstrated diffuse thick- 
ening of the small bowel from the ligament 
of Treitz to the ileocecal valve with multi- 
ple intraluminal nodules and extensive ret- 
roperitonea! and mesenteric lymphadenop- 
athr. The liver, spleen, and colon were 
grossly normal. A 30-cm segment of mid- 
ileum was resected to avoid impending 
obstruction by large nodules of up to 4 cm 
in size (Fig 3). 
On August 23, 1988, systemic chemother- 
apy with MACOP-B (high-dose methotrex- 
ate sodium with leucovorin, doxorubicin 
hydrochloride, cyclophosph amide, vincris- 
tine sulfate, prednisone, and bleomycin 
sulfate) was initiated? The patient 
æ received intrathecal methotrexate during 
‘the 12-week cliemotherapeutic course for 
prophylaxis against central nervous sys- 
coo tem lymphome. . | 
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PATHOLOGIC FINDINGS 


The first aqueous aspirate con- 
tained a uniform population of atypi- 
cal lymphocytes on light microscopy 
of a cytocentrifuged sample that was 
prepared with Wright’s-Giemsa stain 
(Fig 4). The cells had irregular nucle- 
ar contours, ample cytoplasm, and 
granulation consistent with large 
granular lymphocytes. A second aspi- 
ration was performed to obtain more 
cells for immunophenotyping. Each 
aspirate contained approximately 1 
million cells in 0.2 mL of aqueous 
humor. Flow cytometric analysis 
characterized the cells as 100% large 
granular lymphocytes with the fol- 
lowing immunophenotype: HLA-DR’, 
CD2*, CD3*, CD4-, CD5*, CD7*, CD87, 
CD16-, and Leu-7* (monoclonal anti- 
bodies purchased from Becton Dickin- 
son Immunocytometry Systems, 
Mountain View, Calif). DNA analysis 
by flow cytometry demonstrated that 
the cells were diploid with an § frac- 
tion (percentage of cells undergoing 
DNA synthesis) of 23% (Table). A 
third anterior chamber aspiration 
was performed to obtain cells for gene 
rearrangement analysis. DNA hybrid- 
ization using the restriction enzyme 
EcoRI and a T, gene probe demon- 
strated a uniform deletion of the 11kb 
band that can be seen in monoclonal 
or polyclonal T-cell populations.” 
Only one enzyme digest could be done 
owing to the small number of cells 
available (1.5 million); thus clonality 
could not be proved on the ocular 
specimen. 


Uniform deletion of 11kb 
band but no T,, gene 
rearrangement using only 
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Diffuse aggressive >> f 
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The amount of t.ssue available from 
the bone marrow biopsy specimen was. 


inadequate to perform immunopheno- A 


typic or gene rearrangement analyses. 
Histologic examiratien of the small- 


bowel nodules ard a representative 


mesenteric lymph nede revealed dif- 
fuse multifocal inaltration by densely 
packed sheets of large granular lym- _ 





phocytes (Figs 5 end 8). Immunologic 


evaluation of cells obtained from the 
small-bowel nodules and a mesenteric 
node demonstrated a homogeneous. 
population of im lym] | 





as the cells obtained from the anterior 
chamber of the eye. In contrast, how- 
ever, the S fraction of the small-bowel 

tumor cells was 43% , indicating a rap- 
idly proliferating neoplasm. Histolog- — 
ically, the tumor was interpreted as a 

high-grade T-cell malignant lympho- 


ma, according to the-classification of a 
Suchi et al. Beceuse this phenotype 


(CD3*, CD4-, CD8-)-can be seen in — 
cells bearing the T-cell receptor yy or. 
yô, an antibody to she 3 chain of the a8 
heterodimer SF 1 was used in theim- 
munohistochemical analysis on frozen 
abdominal tissue.” The tumor reacted 
positively with this 6F1 directed mon- 
oclonal antibody, preving that the T- 
cell receptor possessed the a@ het- 
erodimer in this case (8F1 monoclonal — 
antibody purchas2d from T-Cell Sci- 
ences, Cambridge. Mass). —— 0 


Southern blot analysis using four > 
restriction endoaucizases, BamHI, 
EcoRI, HindIII, Xbal, and a pro 
the T-cell receptor $ chain demon- 
strated a uniform pepulation of cells 
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Fig 5.—Low-power photomicrograph of a section through a represen- 
tative tumor nodule from the excised ileum demonstrating diffuse 
infiltration by large granular lymphocytes (dark-staining areas) (hema- 


toxylin-eosin, original magnification X40). 


with T, T-cell receptor gene rear- 
rangement consistent with the diag- 
noses of T-cell malignant lymphoma. 
Cytogenetic analysis of the small- 
bowel tumor cells showed subtle 
abnormalities of the short arm of 
chromosome 11 that proved noncon- 
tributory toward the diagnosis of 
malignant lymphoma. 


COMMENT 


Intraocular lymphomas are cur- 
rently classified under the working 
formulation of non-Hodgkin’s lym- 
phomas for clinical usage as directed 
by the National Cancer Institute in a 
1982 report.' This classification is 
based primarily on clinical correla- 
tions, including age, sex, survival 
curves, presentation, and stage of dis- 
ease.' This classification scheme does 
not use immunologic methods to 
describe the type of lymphoma. More- 
over, T-cell lymphomas are not well 
characterized in this report. We 
believe that the classification de- 
scribed by Suchi et al" is appropriate 
in this case. 

In the past, intraocular lymphomas 
were thought to be of histiocytic ori- 
gin and were called microgliomatosis 
or reticulum cell sarcoma based on the 
presence or absence of central nervous 
system disease.'*'’ With the use of 
immunocytologic techniques using 
monoclonal antibodies and immuno- 
fluorescent microscopy, these tumors 
have been shown to be of lymphocytic 
origin.**'8 

Ocular adnexal and orbital lym- 
phoid neoplasms have been well 
studied using immunophenotypic and 
molecular genetic techniques.*!*”? In- 
traocular lymphomas have not been 
characterized in this manner, howev- 
er, primarily because of the extremely 
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low frequency with which they occur. 
We were fortunate in this patient to 
obtain enough cells via sequential 
anterior chamber paracentesis to per- 
form flow cytometric analysis. The 
data obtained from these tests were 
suggestive of a malignant T-cell lym- 
phoma. 

A recent review of the literature 
lists 87 cases of intraocular lymphoma 
reported since 1951.° Of these, immu- 
nofluorescent cell surface marker 
analysis was performed on ocular tis- 
sue in only 4 cases. A fifth case was 
diagnosed as an intraocular T-cell 
lymphoma based on analysis of a 
lymph node biopsy specimen.s*!!7!8 
Flow cytometry, gene rearrangement 
analysis, or cytogenetic studies were 
not performed in any of the patients. 
In 2 cases, a sample of vitreous dem- 
onstrated a clonal population of B 
cells on immunocytologic staining.!”!8 
A third case used an anterior chamber 
aspirate to demonstrate monoclonal 
IgM, x expression consistent with 
malignant B-cell lymphoma"! The 
final case was classified as a peripher- 
al T-cell lymphoma based on an 
immunologic analysis of an enucle- 
ation specimen.’ We believe that the 
demonstration of a disproportionately 
high percentage (25%) of these 
tumors to be of T-cell origin is related 
primarily to the low number of cases 
so described. Previous characteriza- 
tions of non-Hodgkin’s lymphomas in 
extraocular tissues demonstrate only 
5% to be of T-cell origin while 55% 
are of B-cell origin and 35% are of 
null cell origin.®?! These results are 
more consistent with the findings of a 
B-cell origin predominance in ocular 
adnexal lymphomas described by sev- 
eral authors.”** We anticipate that 
as more intraocular lymphomas are 
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Fig 6.—High-power photomicrograph of a section of small-bowel 
mucosa densely packed with malignant large granular lymphocytes 
(hematoxylin-eosin, original magnification X400). 


analyzed by immunologic means, the 
prevalence of B-cell and T-cell lym- 
phomas will be similar to that 
described for non-Hodgkin’s lympho- 
mas elsewhere in the body. 

The immunophenotype of the ante- 
rior chamber cells in this patient 
(CD2*, CD3*, CD5*, CD7*, Leu-7* 
HLA-DR*, CD4-, and CD8-) is not, 
strictly speaking, abnormal. There- 
fore, on an immunophenotypic basis, 
we have no evidence that the large 
granular lymphocytes are a malig- 
nant clone. Unfortunately, the rela- 
tively small number of cells precluded 
conclusive genotypic characterization. 
However, the monomorphic appear- 
ance of the cells was highly suggestive 
of a malignant process and prompted 
further evaluation. Extranodal accu- 
mulations of low numbers of uniform 
T lymphocytes expressing the Leu-7*, 
OKT3* phenotype have been described 
as a manifestation of altered immuni- 
ty concurrent with malignant states.» 
However, such an accumulation of 
reactive cells in the anterior chamber 
would be extremely unusual: there- 
fore, the cells most likely represent 
a counterpart of the abdominal 
tumor. In this case, the intraocular 
tumor and the abdominal tumor have 
different histologic features, but this 
is not an uncommon phenomenon for 
lymphoid tumors. Additionally, an 
aggressive non-Hodgkin’s lymphoma 
developing in a patient with chronic 
lymphocytic leukemia (Richter’s syn- 
drome) has been reported with intra- 
ocular involvement.” 

This case is unique in that the 
patient presented initially with a uni- 
lateral uveitis confined to the anterior 
chamber without posterior segment 
involvement. Of the cases of intraocu- 
lar lymphoma reported with uveal 
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involvement, the majority (up to 80% ) 
of patients presented with bilateral 
uveitis.° Alse, posterior involvement 
is more common; reports of exclusive 
anterior segment involvement are rel- 
atively scarce. = Ocular examina- 
tion generally reweals diffuse uveitis 
with chorioretinal infiltrates, and 
hypopyon is rare.” 

The patient deseribed in this report 
had extensive abdominal disease; this 
is censistent with the findings of Tru- 
deau et al,’ who reported that only 13 
(16.7%) of 78 of the patients whose 
cases they reviewed had exclusive ocu- 
lar involvement without central ner- 
vous system or systemic disease. When 
multiple sites are mvolved with tumor, 
as in this patient, the primary 
and secondary sites cannot be distin- 
guished.**° Initia! presentation in the 
eye in patients ultimately diagnosed 
as having intraecular lymphoma and 
systemic or central nervous system 
disease is common; 46 (59.7% ) of 77 of 
the patients in the review of Trudeau 
et al’ presented initially with ocular 
lymphomatous involvement. Our pa- 
tient emphasizes the importance of a 
thorough systemic evaluation of 
patients with intraocular lymphoma 
who are otherwise asymptomatic to 
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rule out the presence of an occult 
lymphoproliferative disorder. 

The findings in this case also illus- 
trate the value of combining fine- 
needle anterior chamber aspiration 
and flow cytometry in diagnosing 
tumors in the visually intact eye. Cra- 
niotomy has been the most common 
method of diagnosis of intraocular 
lymphoma, with vitrectomy or vitre- 
ous aspiration being the second most 
common method, and enucleation was 
often necessary for a definitive diag- 
nosis. Anterior chamber aspiration 
has been successful in diagnosing 
intraocular lymphoma in only one 
patient in the literature prior to this 
case.‘ 

Recent immunologic and technolog- 
ic advances using monoclonal anti- 
bodies to cell surface antigens allow 
precise characterization of lymphoid 
tumor cells. Flow cytometry provides 
the ability to measure not only cell 
surface antigens but also DNA con- 
tent and cell size in a rapid, correlated 
manner using relatively small num- 
bers of cells with a precision that is 
difficult to obtain by other immunocy- 
tologic methods.’ We believe that this 
will improve diagnostic accuracy and 
have important implications for prog- 
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Antioxidant Enzymes Reduce Loss of Blood-Brain Barrier 


Integrity in Experimental Optic Neuritis 


John Guy, MD; E. Ann Ellis, MS; G. M. Hope, PhD; Narsing A. Rao, MD 


è We studied the effect of antioxidant 
enzymes on the loss of integrity of the 
bloed-brain barrier in the optic nerves of 
strain-13 guinea pigs with chronic experi- 
mental allergic encephalomyelitis, a de- 
myelinating disorder with neurologic and 
histopathologic characteristics similar to 
multiple scleresis. Animals with experi- 
mental allergic encephalomyelitis re- 
ceived daily intraperitoneal injections of 
either preservative-free saline (group 1), 
catalase (group 2), or glutathione peroxi- 
dase (group 3) for 2.2 months after the on- 
set of appencicular paralysis. Following 
intravascular administration, extravascu- 
lar leakage of horseradish peroxidase was 
histopathologically graded as mild, mod- 
erate, or severe within the optic nerve 
head and myelinated retrolaminar nerve. 
Severe extravasation of horseradish per- 
oxidase was exclusive to group 1, in addi- 
tion to moderate and mild leakage. In 
groups 2 and 3, leakage of horseradish 
peroxidase was infrequent, and when de- 
tected, it was graded as mild. Detoxifica- 
tion of hydrogen peroxide with catalase 
and glutathione peroxidase substantially 
reduced horseradish peroxidase leakage 
in experimental optic neuritis, suggesting 
a role for hydrogen peroxide and its reac- 
tive by-products in the pathogenesis of in- 
creased vascular permeability of the 
blood-brain barrier in experimental aller- 
gic encephalomyelitis. 
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fyxPerimental allergic encephalomy- 

elitis (EAE) is an immune-medi- 
ated model of demyelination of the 
central nervous system (CNS) that is 
induced in genetically susceptible ani- 
mals by the intradermal injection of 
spinal cord emulsion in complete 
Freund’s adjuvant.' Sensitization of 
the immune system primes T lympho- 
cytes that, in turn, activate macro- 
phages to strip axons of myelin me- 
chanically and ingest axonal and mye- 
lin debris.’ 

Macrophages also contribute to de- 
myelination by discharge of reactive 
oxygen species into the perivascular 
and extracellular environment, caus- 
ing peroxidation of lipid-laden plasma 
membranes common to axons, myelin, 
and glia. In cell-mediated inflam- 
matory disorders, including EAE, 
phagocyte-stimulated nicotinamide- 
adenine dinucleotide phosphate (re- 
duced form) oxidase releases superox- 
ide with subsequent reactions gener- 
reactive oxygen 
metabolites that consist of hydrogen 
peroxide, the hydroxyl radical (OH), 
hypochlorous acid, and singlet oxy- 
gen.2* The highly reactive hydroxyl 
radical (HO-) is a potent mediator of 
tissue injury’® generated by iron- 
mediated conversion of H,O, 
(Fe + H,O, —> Fe** + HO. + OH), ie, 
the  iron-catalyzed Haber-Weiss 
reaction.*** 

Detoxification of reactive oxygen 
metabolites has reduced tissue dam- 
age in experimental uveitis, lung in- 
jury, and CNS demyelination by pre- 
treatment with the HO- scavenger 
dimethyl sulfoxide, iron chelator de- 
feroxamine, and antioxidant enzyme 
catalase.’ Catalase catalyzes the di- 
valent reduction of H,O, to water 
and molecular oxygen.**” In the latter 


reaction, H,O, serves as an electron 
donor, distinguishing catalase from 
glutathione perox dase, which utilizes 
other reductants as electron donors.’ 
The beneficial effect of antioxidant en- 
zymes in reducing eptic nerve head 
swelling, predominantly due to intra- 
cellular axonal edema, has been estab- 
lished.'° 

Increases in micrevascular perme- 
ability, in EAE, may precede the onset 
of neurologic signs and inflammatory 
cell migration into the CNS" or occur 
concomitant to it? While macromo- 
lecular extravasation and inflamma- 
tory cell accumulation have been ac- 
complished by utilizing the superoxide 
radical and H,O,-generating enzyme 
xanthine oxidase,” the role that reac- 
tive oxygen metabolites play in the in- 
creases of blood-brain barrier (BBB) 
permeability in disorders of demyeli- 
nation is unknown. We studied the ef- 
fects of catalase and glutathione per- 
oxidase on altered microvascular per- 
meability to determine the influence of 
reactive oxygen metabolites on the 
BBB in experimental optic neuritis. 


MATERIALS AND METHODS 


Juvenile strain-13 guinea pigs, weighing 
150 to 200 g, were sensitized with a subder- 
mal injection of homologous spinal cord 
emulsion, in complete Freund’s adjuvant, 
into the dorsum of the meck. After the on- 
set of appendicular paralysis, 22 animals 
with EAE were divided into one of three 
treatment groups. Group 1 consisted of five 
animals that served as controls and re- 
ceived daily intraperitoneal injections of 
preservative-free nermal saline. Group 2 
was injected with daily intraperitoneal cat- 
alase (Enzon Inc, Piscataway, NJ) at a dose 
of 1200 U/kg of body weight and was com- 
posed of eight guinea pigs. Group 3 was in- 
jected daily with intraperitoneal glu- 
tathione peroxidase (Calbiochem, San Di- 
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Fig 1.— Severe horseradish peroxidase leak- 
age in an untreated animal with experimental 
allergic encephalomyelitis at both the lamina 
retinalis (large arrow) and lamina choroidalis 
(small arrow) (toluidine blue, original magnifi- 
cation X 100). 


ego, Calif) at a dose of 12 U/kg of body 
weight and included nine animals. Guinea 
pigs received antioxidant enzymes for a 
mean duration of 2.2 months after the on- 
set of appendicular paralysis. Since the 
specificity of the beneficial effects of cata- 
lase has previously been determined" and 
glutathione peroxidase was obtained as an 
anhydrous powder that we dissolved in 
preservative-free saline for intraperitoneal 
injection, additional animals were not ex- 
pended to serve as heat-inactivated con- 
trols. 

Horseradish peroxidase (HRP) (Sigma 
Chemical Co, St Louis, Mo) at a dose of 200 
mg/kg of body weight was dissolved in nor- 
mal saline and injected by cardiac puncture 
with a syringe and slow push. Following a 
circulation time of 5 minutes, animals were 
euthanized with an overdose of pentobar- 
bital sodium. The globes and optic nerves 
were dissected out immediately and fixed 
for 1 hour in 2.5% acrolein in 0.1-mol/L so- 
dium phosphate buffer (pH 7.4) at 4°C. 
Specimens were washed overnight at 4°C in 
the same buffer that contained 5% sucrose 
and 1% dimethyl sulfoxide (Sigma Chemi- 
cal Co, St Louis, Mo). Specimens were 
rinsed once in 0.1-moel/L sodium cacody- 
late-hydrochloride buffer (pH 5.1) at room 
temperature, and then preincubated in the 
dark for 1 hour in a medium that consisted 
of 5 mg of 0.1-mol/L sodium cacodylate- 
hydrochloride buffer (pH 5.1) plus 10 mg of 
3,3°-diaminobenzidine tetrahydrochloride 
at room temperature. Specimens were then 
reacted at room temperature in the dark for 
2 hours in the above 3,3’ -diaminobenzidine 
tetrahydrochloride medium plus 0.05 mL of 
1% H,0, per 5 mL of the reaction medium. 
The medium was replaeed every 30 minutes. 
Specimens were then washed twice in 0.1- 
mol/L sodium cacodylate buffer (pH _ 7.2) 
and postfixed in 1% osmium tetroxide. Af- 
ter dehydration in an ethyl alcohol series to 
propylene oxide, specimens were infiltrated 











Site of Leakage 
1 Lamina retinalis 
Lamina choroidalis 
Lamina scleralis 
Retrolaminar optic nerve 
2 Lamina retinalis 
Lamina choroidalis 
Lamina scleralis 
Retrolaminar optic nerve 
3 Lamina retinalis 
Lamina choroidalis 
Lamina scleralis 





Retrolaminar optic nerve 


* HRP indicates horseradish peroxidase; EAE, experimental allergic encephalomyelitis. 


Table 1.—Histopathologic Grading of HRP Extravasation in Optic Nerves of Animals 
With EAE* 


Severity of Leakage, Gradet 


o TE 2+ 3+ 
9 0 0 1 
7 0 2 1 
5 2 2 1 
3 4 2 1 
8 0 0 0 
7 1 0 0 
8 0 O 0 
7 1 0 6) 
9 0 0 0 
9 0 0 0 
9 O 0 0 
9 0 0 0 


tGroup 1 received no treatment, group 2 was given catalase, and group 3 was injected with glutathione per- 


oxidase. 


Leakage of HRP was graded as absent or trace (0), mild (1+), moderate (2+), or severe (3+). The numbers 
in the table represent the number of animals given a particular rating. 


7 


pa fe 


Fig 2.—In an untreated animal with experimental allergic encephalomyelitis, there is moderate 
leakage of intravascularly administered horseradish peroxidase from choroidal vasculature into the 
border tissue at the lamina choroidalis (arrow) (unstained, original magnification X3750). 


and embedded in a resin (LX-112:Quetol 
651). 

Optic nerves that were sectioned at 2 um, 
without toluidine blue counterstaining, 
were evaluated for HRP extravasation at 
the light microscopic level. The presence of 
an HRP reactive product in the choroidal 
vasculature and HRP staining of the border 
tissue at the lamina choroidalis were con- 
sidered signs of adequate intravascular cir- 
culation of HRP. An observer masked to the 
treatment agent graded HRP extravasa- 
tion as absent or present in trace amounts 
(0), mild (1+), moderate (2+), or severe (3+) 
within the lamina retinalis, lamina choroi- 
dalis, lamina scleralis, and the retrolami- 
nar myelinated optic nerve. Since HRP 
staining at the border tissue of the optic 
nerve head adjacent to the choroid was 
considered a normal function of the absence 
of the BBB at this site'*"° and produced such 
minor leakage of HRP, it was best fit into 
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our grade of zero, if this was the sole finding 
at the lamina choroidalis. Both optic nerves 
of group 1 animals and one nerve of each 
animal in groups 2 and 8 were processed for 
histopathologic grading. For evaluation of 
HRP extravasation at the electron micro- 
scopic level, ultrathin (90-nm) sections of 
the optic nerve were not poststained. 

Histopathologic features of the optic 
nerves were graded semiquantitatively on 
the extent of interstitial involvement of the 
inflammatory infiltrate by an observer 
masked to the treatment agent. Interstitial 
infiltration of the optic nerve by inflamma- 
tory cells was rated as absent (grade 0), 
present with a few scattered cells (grade 
1+), moderate presence of inflammatory 
cell foci (grade 2+), or a large confluence of 
inflammatory cells (grade 3+). 

For statistical analysis, the frequencies 
of optic nerves showing no extravasation of 
HRP (grade 0) and those demonstrating 
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Fig 3.— Severez=rivascular leakage and axonal staining in an untreated animal with experimen- 
tal allergic encemmnaiomyelitis. Pinocytotic vesicles within an endothelial cell are filled with horse- 
radish peroxidase (arrow) (unstained, original magnification 4500). 


leakage (grades 1 through 3) were cast into 
a 2 X 2 contingency table for each pair of 
groups and for each graded site. Similarly, 
the frequencies f eptic nerves demonstrat- 
ing the presence of interstitial inflamma- 
tion (grades 1 through 3) and those with no 
inflammation (grade 0) were cast into a 
2 X2 contingemey table for each pair of 
groups. The prebabilities associated with 
the observed frequencies were determined 
by utilizing Fisher’s Exact Probability 
Test. The Kendall test for independence and 
Spearman’s Raak Correlation Coefficient 
were employed to determine whether a re- 
lationship betweemthe grades of HRP leak- 
age and interstitial inflammation existed. 


RESULTS 
Group 1 


At the lamima retinalis, there was 
severe perivascular leakage of HRP, 
resulting in profuse staining of axons 
in one optic nerve of this control group 
(Fig 1 and Tabie 1). At the lamina cho- 
roidalis, severe extravasation of HRP 
from the adjacent choroidal vascula- 
ture produced staining of optic nerve 
axons in one optic nerve, and leakage 
was moderate in two nerves. At the 
lamina scleralis, perivascular leakage 
of HRP was severe in one optic nerve, 
moderate in two nerves, and mild in 
two nerves. Within the retrolaminar 
region, HRP leakage was severe in one 
nerve, moderete in two nerves, and 
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mild in four nerves of this group. 

Electron microscopy demonstrated 
no morphologic breach of ultrastruc- 
tural integrity of CNS endothelial 
cells, permitting leakage of HRP from 
blood vessels within the optic nerves of 
untreated animals with EAE. Despite 
perivascular extravasation of HRP 
staining axons, fibrovascular septa, 
and glia, the HRP reaction product 
could not be continuously traced along 
interendothelial cell junctions from 
the vessel lumen to the abluminal sur- 
face, except at the border tissue of the 
optic nerve head adjacent to the cho- 
roid, a site where the BBB is absent 
(Fig 2).'° Pinocytotic vesicles filled 
with HRP (Fig 3) suggested that the 
route of HRP leakage across the BBB 
within the lamina retinalis, lamina 
scleralis, and retrolaminar optic nerve 
was via vesicular transport across the 
cytoplasm of the endothelial cell.' 

Interstitial inflammation was great- 
est in group 1 and was graded as absent 
in one optic nerve, mild in three nerves, 
and moderate in six (Table 2). No rela- 
tionship was found between the occur- 
rence of interstitial inflammation and 
leakage of HRP (Kendall test for inde- 
pendence, P > .10). Spearman’s Rank 
Correlation Coefficient between the 
two variables also indicated no rela- 
tionship in this group. 


Table 2.—Histopathalogic Grading of 
Inflammation in Retrolaminar Optic 


Severity of 
Inflammation, Grade 





* For explanation of coups and grades, see foot- 
notes to Table 1. 





Fig 4.—Mild leakage at the lamina choroidalis 
in the optic nerve of am animal treated with cat- 
alase (large arrow). Lack of horseradish per- 
oxidase extravasatioa from blood vessels of 
the lamina scleralis (smal! arrow) and lamina 
choroidalis is also evident. A focus of demyeli- 
nation, in the absence of imflammatory cells, is 
present within the retrolaminar optic nerve 
(double arrows). Arrowhead indicates horse- 
radish peroxidase staining of border tissue of 
optic nerve head anc cheroid (toluidine blue, 
original magnification X 100). 


Greup 2 


At the lamina retinalis and lamina 
scleralis, no extrevascular leakage of 
HRP was observed in any guinea pig 
treated with the antioxidant enzyme 
catalase (Table 1) Intravascular HRP 
was observed to ke confined to the lu- 
men of the optic nerve head vascula- 
ture at these sites At the lamina cho- 
roidalis, there was mild extravasation 
of HRP from one nerve, in which a fo- 
cus of demyelinat.on was also evident 
(Fig 4). Horseradsh peroxidase stain- 
ing of the border tissue of the optic 
nerve head adjacent to the vascular 
choroid was seen n all nerves (Fig 4), 
but graded as zerc when it was the sole 
finding at the amina choroidalis. 
Within the retro aminar segment of 
another optic nerve, mild HRP ex- 
travasation occured at the foci of de- 
myelination. Except for HRP staining 
of the border tissue of the optic nerve 
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Fig 5.—Absence of perivascular leakage of horseradish peroxidase from a blood vessel (arrow) 
within the demyelinated retrolaminar optic nerve of an animal treated with catalase (unstained, 


original magnification X5625). 


head and choroid, leakage of HRP was 
not found at any site within the re- 
maining optic nerves of catalase- 
treated animals with EAE (Fig 5). 

Fisher’s Exact Test for 2 X 2 table 
was performed to detect the associa- 
tion of HRP extravasation in group 1 
and compared to catalase treatment of 
group 2, at each site. The test indicated 
that the grades amd the treatment 
were significantly associated at the 
lamina scleralis (P = .03) and at the 
retrolaminar myelinated segment of 
the optic nerve (P = .02). 

In this group, interstitial inflamma- 
tion was graded as absent in one 
guinea pig and mild in seven animals 
(Table 2). Fisher’s Exact Test for a 


-2X2 table was utilized to detect the 


association between the grades of in- 
terstitial inflammation of group 1 and 
compared with those treated with cat- 
alase in group 2. The test (P = .52) in- 
dicated that there was no evident as- 
sociation between the treatment and 
the grades. Neither the Kendall test 
(P>.10) nor Spearman’s test 
(r = .286) indicated any relationship 
between HRP leakage and interstitial 
inflammation in this group. 


Group 3 


There was no HRP extravasation at 
any site within the optic nerves of an- 
imals with EAE that received glu- 
tathione peroxidase, except for HRP 
staining of the border tissue of the op- 
tic nerve head adjacent to the choroid 
(Fig 6 and Table 1. The presence of 
intravascular HRP was easily visual- 
ized throughout the eptic nerves of this 


group, where a focus of demyelination 
posterior to the lamina scleralis was 
present in the absence of inflamma- 
tion (Fig 6). Even examination of optic 
nerve ultrastructure failed to demon- 
strate subtle evidence of extravascular 
leakage of HRP with glutathione per- 
oxidase treatment, except for HRP 
staining at the border tissue adjacent 
to the choroid. 

Fisher’s Exact Test for 2 X 2 table 
was performed to detect the associa- 
tion of HRP extravasation in group 1 
and compared to glutathione peroxi- 
dase treatment of group 2, at each site. 
The test indicated that the grades and 
the treatment were significantly asso- 
ciated at the lamina scleralis (P = .02) 
and at the retrolaminar myelinated 
segment of the optic nerve (P = .02). 
The test detected no association be- 
tween the grades of HRP extravasa- 
tion of group 2 in comparison with 
group 3. 

Interstitial inflammation was 
graded as absent in five optic nerves, 
mild in two nerves, and moderate in 
two nerves (Table 2). Fisher’s Exact 
Test for a2 X 2 table was used to detect 
the association between interstitial in- 
flammation of group 1 and compare it 
with group 3, treated with glutathione 
peroxidase). The test (P = .52) indi- 
cated that there was no evident asso- 
ciation between the treatments and 
the grades. No association between 
HRP leakage and interstitial inflam- 
mation was found by the Kendall test 
for independence (P > .10), but a weak 
association (7 = .70) was seen between 
the two variables by Spearman’s Rank 
Correlation Coefficient. 
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Fig 6.—Absence of horseradish peroxidase 
extravasation in an animal treated with glu- 
tathione peroxidase. Horseradish peroxidase 
reaction product is confined to the lumen of the 
vasculature located within the lamina retinalis 
and lamina choroidalis. Horseradish peroxi- 
dase staining of border tissue is evident (ar- 
rowhead). Focus of demyelination, in the ab- 
sence of inflammation, is present posterior to 
the lamina scleralis (double arrows) (toluidine 
blue, original magnification X100). 


COMMENT 


Our results clearly show that detox- 
ification of HO, with catalase and glu- 
tathione peroxidase reduced the mag- 
nitude of HRP extravasation within 
the demyelinated optic nerves of ani- 
mals with EAE. Moreover, the number 
of sites of HRP leakage that produce 
axonal and glial staining within the 
lamina retinalis, lamina choroidalis, 
lamina scleralis, and retrolaminar my- 
elinated optic nerve of animals with 
EAE was also minimized by the ad- 
ministration of each antioxidant en- 
zyme. The effectiveness of glutathione 
peroxidase at low concentrations of 
HO, may have contributed to its 
slightly greater impact, in comparison 
with catalase.‘ 

Alterations of the BBB may be of 
primary importance in the pathogene- 
sis of demyelination." The CNS en- 
dothelial cell and its tight junctions 
that form the BBB are normally im- 
permeable to diffusion of potassium 
ions, amino acids, and large molecular 
weight proteins (such as HRP) from 
the blood into the CNS. Development 
of EAE is, in part, dependent on 
chemotactic factors that increase mi- 
crovascular permeability.” The ab- 
sence of a BBB at the border tissue ad- 
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jacent to the chọroid™ may provide a 
portal of entry for chemotactic and 
vasoactive mediators into the optic 
nerve, contributing to the predilection 
for involvement of this CNS site in 
disorders of demyelination. The rich 
vascular plexus of the optic nerve may 
disperse chemotactic and vasoactive 
mediators that further impair BBB 
integrity at additional sites. In this 
manner, myelinolytic antibodies, anti- 
genically primed clonally restricted 
mononuclear cells, and nonspecific un- 
sensitized circulating peripheral blood 
leukocytes may gain access to the 
CNS, further amplifying inflamma- 
tion, demyelination, and increases in 
BBB permeability by discharge of re- 
active oxygen species. The specific ac- 
tion of catalase and glutathione per- 
oxidase, detoxifying H,O, to H,O and 
O., suggests a role for oxygen metabo- 
lites in the pathogenesis of increases of 
microvascular permeability in our 
study of experimental optic neuritis. 
Activated leukocytes may directly 
penetrate the BBB by digestion of pro- 
teeglycans of the endothelial cell basal 
lamina." Discharge of superoxide and 
H.O, by stimulated blood monocytes, 
which are the precursors to effector 
macrophages, may facilitate leukocyte 
migration across the BBB. Conse- 
quently, detoxification of H,O, with 
catalase and glutathione peroxidase 
may reduce disruption of the BBB and 
decrease HRP extravasation in the 
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retrolaminar portion of the nerve, the 
site of inflammatory cell infiltration 
and demyelination. Since neutraliza- 
tion of H,O, may occur along the lumi- 
nal surface of endothelial cells that 
form the BBB, it may not be necessary 
for antioxidant enzymes to penetrate 
the interstitium of the optic nerve. 
While the presence of antioxidant en- 
zymes in the eye has been quantitated 
in experimental uveitis, the penetra- 
tion of catalase and glutathione per- 
oxidase into the optic nerve remains 
unknown in EAE. 

Vesicular transport of HRP travers- 
ing the cytoplasm of the endothelial 
cell from the luminal to the abluminal 
surface or HRP leakage between en- 
dothelial cell-tight junctions are two 
plausible mechanisms for enhanced 
permeability of the blood-optic nerve 
barrier in EAE. We were unable to 
demonstrate the continuous passage of 
HRP between tight junctions from the 
luminal to the abluminal surface of the 
endothelial cells, except at the border 
tissue of the vascular choroid and the 
optic nerve head where the BBB is 
absent.'* Consequently, we suspect ve- 
sicular transport across the endothe- 
lial cell is the more likely mechanism 
for leakage of HRP in EAE.” 

Ultrastructural examination re- 
vealed that endothelial cells were mor- 
phologically unscathed. This is diffi- 
cult to reconcile in view of the suscep- 
tibility of unsaturated fatty acids of 
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The paucity of HRP extravasation 
with antioxidant enzyme treatment 
suggests a role far H4O, or its reactive 
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tered vascular permeability in EAE 
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demyelination. 
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Intravitreous Injection of Adenosine or 


Its Agonists 


Causes Breakdown of the Blood-Retina] Barrier 


Harsha A. Sen, MD, Peter A. Campochiaro, MD 


@ Pigmented rabbits were anesthe- 
tized and given an intravitreous injection 
of 0.1 mL of a test substance or vehicle 
alone. Vitreous fluorophotometry was 
performed before injections and at vari- 
ous time points after injections. Com- 
pared with pretreatment scans, vehicle- 
injected eyes showed no change in intra- 
vitreous fluorescein sedium leakage at 6 
and 24 hours after injection. Injection of 
adenosine (10°? mol/L) resulted in fluo- 
rescein leakage that was significantly 
greater than that which occurred in con- 
trol eyes at 6 hours after injection, but 
returned to baseline at 24 hours. This 
effect was significantly attenuated by an 
adenosine receptor antagonist (BW- 
A1433U), suggesting that it was mediated 
by specific adenosine receptors. A non- 
selective adenosine receptor agonist, N- 
ethylcarboxamidoadenosine, and two rel- 
atively A, selective receptor agonists, N5- 
cyclopentyladenosine and N®*-phenyliso- 
propyladenosine, also caused dose- 
dependent intravitreous fluorescein leak- 
age. The relative order of potency was 
N-ethylcarboxamidoadenosine much 
greater than N°-phenylisopropyladeno- 
sine, which was greater than N®-cyclo- 
pentyladenosine, implicating A, adeno- 
sine receptors. Intravitreous injection of 
dipyridamole, an adenosine uptake inhibi- 
tor, caused enhanced fluorescein leak- 
age, presumably from extracellular accu- 
mulation of endogenous adenosine. The 
results of this study suggest that adeno- 
sine may be a mediator of blood-retinal 
barrier breakdown. 

(Arch Ophthalmol. 
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Normal retinal function requires 

strict control of extracellular fluid 
and electrolyte levels. This is accom- 
plished through structural and func- 
tional features of the retinal pigment 
epithelium and the retinal capillary 
endothelium, and has led to the con- 
cept of the inner and outer blood- 
retinal barriers (BRBs). Dysfunction 
of one or both of these barriers can 
result in collection of extracellular 
fluid in the retina; this fluid collection 
is manifested clinically as areas of 
retinal thickening. Involvement of the 
macula in this process is called macu- 
lar edema and is a cause of significant 
visual loss in several ocular dis- 
eases.’ 

In some settings, the cause of macu- 
lar edema can be inferred from the 
presence of identifiable structural 
abnormalities, such as telangiectasia 
or microaneurysms of the perifoveal 
capillaries. However, in other set- 
tings, such as aphakic or pseudophak- 
ic cystoid macular edema or macular 
edema associated with ocular inflam- 
matory disease, a focal breach in the 
BRB cannot be identified. In diffuse 
diabetic macular edema, structural 
abnormalities may be present, but 
may appear to be insufficient to 
account for the severity of the macu- 
lar edema? These latter two situa- 
tions suggest the possibility that 
chemical mediators may be involved 
in some types of macular edema. 

Macular edema occurs in associa- 
tion with retinal ischemia in several 
diseases, such as diabetic retinopathy, 
branch retinal vein occlusion, and cen- 
tral retinal vein occlusion.' In young 
patients with type I diabetes, macular 
edema is less common than in older 
patients with type II diabetes, but 
when it is present, it is usually associ- 
ated with significant retinal ischemia 
as evidenced by the high frequency of 
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concomitant neovascularization.’ Al- 
though ischemic damage to the retinal 
capillary endothelium and/or retinal 
pigment epithelium may contribute to 
macular edema in ischemic retinopa- 
thies, it is also possible that ischemia- 
induced release of a chemical media- 
tor plays a role. 

Adenosine is a ubiquitous purine 
nucleotide that has been postulated to 
play a role as a chemical mediator in 
ischemic tissue.** It has been shown to 
be vasodilatory in several tissues,** 
including heart, skeletal muscle, 
brain, intestine, and adipose tissue. In 
the setting of cardiac ischemia, there 
is a dramatic increase in adenosine 
levels, followed by vasodilation and 
enhanced blood flow, that has sug- 
gested the possibility that adenosine 
functions as a local hormone that 
helps to compensate for ischemia.‘ It 
has recently been demonstrated that 
adenosine enhances retinal blood 
flow, and we have shown that intra- 
vitreous injection of adenosine or its 
analogues causes retinal vasodilation 
and hemorrhages that mimic the oph- 
thalmoscopic appearance of ischemic 
retinopathies. In the present study, 
we used vitreous fluorophotometry 
(VFP) to explore the effect of adeno- 
sine on the BRB. 


MATERIALS AND METHODS 


In this study, N*-cyclopentyladenosine 
(CPA) and BW-A1433U were provided 
from a manufacturer (Burroughs Wellcome 
Co, Research Triangle Park, NC), and all 
other drugs were obtained from another 
manufacturer (Sigma Chemical Co, St Lou- 
is, Mo). 

Concentrated stock solutions of drugs 
were made in dimethyl sulfoxide, sterilized 
with a filter, and diluted to the desired con- 
centration in sterile phosphate-buffered sa- 
line solution. Control injections of the ve- 
hicle alone were made with 10% dimethyl 
sulfoxide in saline solution. 
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Intravitreous Fluorescein Sodium, ng/mL 
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Fig 1.—Vitrecus fluorophotometry in rabbit eyes before and after 
intravitreous injection of N-ethyicarboxamidoadenosine (107° mol/L, 
squares), ademosine (10-7? mol/L, circles), or vehicle alone (control, 
triangles). Each point represents mean + SEM from three eyes. One 
asterisk indicates P < .05; two asterisks, P< .001, by Student’s 


unpaired ¢ test for difference from control. 


Pigmented rabbits were used in a man- 
ner that conforms to the Association for 
Research in Vision and Ophthalmology 
Resolution on the use of animals in 
research. They were anesthetized with 5 
mg/kg of xylazine hydrochloride and 25 
mg/kg of ketamine hydrochloride, and 
their pupils were dilated with 10% phenyl- 
ephrine hydrechloride eye drops. Baseline 
VFP measurements were made in all eyes 
before intravitreous injections. For injec- 
tions, a 30-gauge needle was inserted 3 mm 
posterior to the limbus, and 0.1 mL of the 
vehicle or test drug was injected slowly 
into the vitreeus-cavity under visualization 
by indirect ophthalmoscopy. The VFP 
scans were obtained 6 and 24 hours after 
injections. It was found that N-ethylcar- 
boxamidoadenosine (NECA) in a concen- 
tration of 10° mol/L caused such pro- 
longed compromise of the BRB that resid- 
ual fluorescein from the 6-hour scan re- 
mained in the vitreous cavity at 24 hours. 
These eyes, therefore, had their second 
measurement deferred until 48 hours after 
injection. 

The equipment and technical aspects of 
our VFP technique have been previously 
described.''* Briefly, rabbits received an 
intravenous injection of 14 mg/kg of fluo- 
rescein sodium, and scans were performed 
exactly 60 minutes later. Each scan was 
initiated just posterior to the retina, 3 mm 
inferior to the optic nerve. The reading 
point was set 2 mm anterior to the retina, 
and fluorescence values obtained were 
entered directly into a computer (IBM PC 
AT compatible, COMPAQ Portable II, 
COMPAQ, Heuston, Tex) for data process- 
ing and recording. The fluorescein concen- 
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tration at the reading point was then cal- 
culated by the computer and printed out on 
its display screen. Student’s t test was used 
for all statistical comparisons. 


RESULTS 


Intravitreous injection of adenosine 
(10-7 mol/L) caused intravitreous 
leakage of fluorescein 6 hours after 
injection that was significantly great- 
er than that seen with injection of the 
vehicle alone (Fig 1). Intravitreous 
injection of another nucleoside, ino- 
sine (10°? mol/L), resulted in mild 
leakage 6 hours after injection that 
was significantly less than that 
caused by adenosine (13.7 + 2.7 vs 
39.8 + 3.4 ng/mL, P<.05 by Stu- 
dent’s unpaired ¢ test). At 24 hours 
after injection, fluorescein leakage in 
adenosine-injected eyes returned to 
baseline levels (Fig 1). N-Ethylear- 
boxamidoadenosine (10° mol/L), a 
nonselective adenosine receptor ago- 
nist that is not inactivated by adeno- 
sine uptake systems or adenosine 
deaminase, caused much greater 
breakdown of the BRB than adenosine 
6 hours after intravitreous injection 
(Fig 1). The breakdown was so exten- 
sive that it resulted in residual 
fluorescein in the eye 18 hours after 
initial VFP readings, precluding a 
24-hour measurement. However, at 
48 hours after injection of fluorescein, 
leakage was back to near baseline 
levels (Fig 1). 
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Fig 2.— Vitreous fluorophotometry in rabbit eyes 6 hours after intravit- 
reous injection of various concentrations of N-ethylcarboxamidoade- 
nosine (open circles), N®-phenylisopropyladenosine (closed circles), 
N®-cyclopentyladenosine (triangles), or adenosine (squares). Each point 
represents mean + SEM from three eyes. 


The A, adenosine agonists, CPA and 
N°*-phenylisopropyladenosine (PIA), 
are relatively selective, and their rela- 
tive potency compared with NECA in 
producing a response is a useful way 
to determine whether the response is 
mediated by A, er A, receptors.’ The 
relative order ef potency in producing 
vitreous fluorescein leakage after 
intravitreous injection was NECA 
much greater than PIA, which was 
greater than CPA (Fig 2). An 8- 
phenylxanthine derivative (BW- 
A1433U) is a potent adenosine recep- 
tor antagonist (significantly more 
potent than theophylline). When 
coinjected with adenosine or NECA, it 
significantly attenuates the break- 
down of the BRB caused by each 
(Fig 3). 

Dipyridamole is an adenosine 
uptake inhibitor. Its intravitreous 
injection also results in a transient 
breakdown of the BRB (Fig 4, left). 
When dipyridamole is coinjected with 
adenosine, intravitreous fluorescein 
leakage 6 hours after injection is sig- 
nificantly greater than after injection 
of either agent alone (Fig 4, right). 


COMMENT 
In this study, we have demonstrated 
that adenosine, the adenosine ana- 


logues NECA, CPA, and PIA, and the 
adenosine uptake inhibitor dipyrida- 
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Fig 3.—Vitreous fluorophotometry in rabbit eyes before and 6 an 
(107° mol/L, triangles) or adenosine C10" 
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(triangles). Each point represents mean + SEM from at least three eyes. One asterisk indicates P < .05 by Student's un- 


paired t test. 


mole all cause transient dose-depen- 
dent breakdown of the BRB when they 
are injected into the vitreous cavity. 
The concentrations used were quite 
high; however, the volume that was 
injected was small, and it was likely 
that a significant portion of the 


injected drugs exited the eye through 
an anterior route. Another nucleoside, 
inosine, caused significantly less BRB 
breakdown than adenosine, and both 
the adenosine-induced and NECA- 
induced effects were markedly attenu- 
ated by a specific adenosine receptor 
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antagonist, demonstrating that they 
are mediated by specific adenosine 
receptors. The rank order of potency 
of adenosine agonists that produce 
BRB compromise is NECA much 
greater than PIA, which is greater 
than CPA, suggesting that A, recep- 


Blood-Retinal Barrier— Sen & Campochiaro 


N 


> 


K 


P 


$ 


tors are involved. Adenosine is less 
potent than CPA and PIA, probably 
because it is rapidly inactivated by an 
adenosine uptake system. When com- 
bined with dipyridamole, an adeno- 
sine uptake inhibitor, adenosine gains 
significant potency. The effect of 
dipyridamole alone in causing vitre- 
ous fluorescein leakage is presumably 
mediated by extracellular accumula- 
tiom of endogenous adenosine, sup- 
porting a physiologic role for the 
above pharmacelogic effects. 
Adenosine is a purine nucleotide 
that functions in several cellular pro- 
cesses. In addition to its intracellular 
roles as an intermediate in energy 
metabolism, it also functions in inter- 
cellular communication.*** It has 
been implicated in neurotransmission 
in the brain'*"’ and retina,” and has 
been demonstrated to be a potent 
stimulator of vasodilation in vascular 
beds throughout the body.** We have 
recently demonstrated adenosine- 
mediated retinal vasodilation,” and 
an adenosine-mediated enhancement 
of blood flow has been reported in the 
rabbit retina.” Thus, there is evidence 
to suggest that adenosine may play a 
role in regulating retinal blood flow. 
How the adenosine-mediated effect on 
the BRB reported herein relates to its 
effects on retinal blood flow and 
whether the two can be dissociated 
are intriguing unanswered questions. 
We have also demonstrated that 
intravitreous injection of adenosine or 
its analogues can cause occasional 
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subhyaloid or retinal hemorrhages.'” 
However, adenosine-induced BRB 
breakdown cannot be explained on the 
basis of hemorrhage alone as hemor- 
rhage is a rare occurrence after intra- 
vitreous injection of 10°? mol/L of 
adenosine,” while intravitreous fluo- 
rescein leakage is a constant finding. 
In addition, the extent of BRB break- 
down occurring after intravitreous 
injection of adenosine analogues does 
not always correlate well with the 
occurrence of hemorrhage. However, 
the same relative potency of NECA 
being much greater than PIA, which 
is greater than CPA, exists for both 
hemorrhage and BRB breakdown, 
suggesting that both are mediated by 
A, receptors, and we cannot rule out 
the possibility that hemorrhage rep- 
resents a severe manifestation of the 
mechanism responsible for adenosine- 
induced BRB compromise. 

The findings from the present study 
have potentially important implica- 
tions. First, investigation of the mech- 
anism of the adenosine-mediated 
effect could provide further insight 
into the nature of the BRB. The effect 
is mediated through A, receptors, sug- 
gesting that intracellular accumula- 
tion of cyclic adenosine monophos- 
phate plays a role.’ Further study is 
required to clarify the respective roles 
of the inner and outer BRBs and to 
determine whether the breakdown is 
due to the opening of tight junctions or 
to an increase in transcellular trans- 
port. Given the reversibility of the ef- 
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fect, it is unlikely that it involves 
endothelial cell disruption. 

Second, whereas a previous study 
has suggested a potential role for 
adenosine as a campenent of normal 
retinal blood flow autoregulation,’ we 
consider here the possibility that it 
may be involved im the pathophysiolo- 
gy of ischemic retinopathies. As has 
been demonstrated te be the case in 
other tissues,‘ retinal ischemia may 
result in enhanced adenosine release. 
Adenosine-induced vasodilation” and 
increased blood dow’ could help to 
compensate for the ischemia. It is 
unclear whether the adenosine- 
induced breakdown of the BRB is a 
consequence of increased flow or an 
additional compensatory mechanism 
to speed delivery of nutrients to 
deprived tissue. Regardless of its ori- 
gin, it could help to explain the occur- 
rence of diffuse macular edema in the 
setting of ischemic retinopathies. 

This study represents a preliminary 
step toward the elucidation of the role 


of adenosine in the normal and dis- 


eased retina. Additional investigation 
is needed to understand better the 
potential role of adenesine in ischemic 
retinopathies and the ways that this 
role may be explaited in therapy. 
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Transscleral Iontophoresis of Dexamethasone 


Tim T. Lam, PhD; Deepak P. Edward, MD; Xiu-An Zhu, MD; Mark O. M. Tso, MD 


è Transscleral iontophoresis has been 
suggested to be a potentially useful non- 
invasive technique in intravitreal introduc- 
tion of ionizable drugs, such as cefazolin 
sodium, ticarcillin disodium, and gentami- 
cin sulfate. To investigate the usefulness 
of this technique in the administration of 
corticosteroids, we performed transscler- 
al iontophoresis of dexamethasone sodi- 
um phosphate (300 mg/mL, 20 mmol/L 
edetic acid [EDTA]) into rabbits at a cur- 
rent of 1.6 mA for 25 minutes. Eyes were 
enucleated at different time intervals and 
frozen in liquid nitrogen. The frozen vitre- 
ous bodies and adherent sensory retina 
were collected and sonicated, and dexa- 
methasone levels were measured using 
high-pressure liquid chromatography. In 
addition, to study the facilitation of drug 
transport by cryotherapy, a second group 
of rabbits were given a single application 
of cryotherapy (—78°C, 45 seconds) 3, 7, 
and 14 days before iontophoresis in the 
Same region. Without cryotherapy, the 
initial level of dexamethasone in the vitre- 
ous body-sensory retina after iontophor- 
esis was 139.3 + 51.5 mg/L (mean + 
SE) (n = 6) with a half-life of less than 2 
hours. In the cryotreated group, the levels 
of dexamethasone immediately after ion- 
tophoresis 3, 7, and 14 days after cryo- 
therapy were 61.5 + 31.7 (n = 6), 88.4 + 
55.1 (n= 6), and 112.2 + 32.5 (n= 6) 
mg/L, respectively, indicating that levels 
were lower compared with the group with- 
out cryotherapy. Our results suggest that 
a high dose of dexamethasone can be 
delivered by using this noninvasive tech- 
nique and that cryotherapy before ionto- 
phoresis does not increase drug levels in 
the vitreous body. 

(Arch Ophthalmol. 
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ransscleral iontophoresis for intra- 
vitreal introduction of pharmaco- 
logic agents was first reported in 1943 
by von Sallmann,' who reported very 
low intravitreal drug levels and con- 


cluded that this technique was not . 


efficient. Contrary to von Sallmann’s 
finding, recent studies by Maurice,” 
Burstein et al, Choi and Lee,‘ and 
Barza and coworkers*’ suggest that 
transscleral iontophoresis can be a 
potentially useful noninvasive tech- 
nique in intravitreal introduction of 
ionizable drugs. Several factors’ that 
affect intravitreal drug levels, includ- 
ing the intensity and duration of the 
applied current and the design of the 
application electrode, have been iden- 
tified. Barza et al’ observed that, even 
though cefazolin sodium bears a sin- 
gle negative charge and ticarcillin 
disodium bears two negative charges, 
similar levels of cefazolin and ticarcil- 
lin were obtained under identical con- 
ditions. So the nature of the drug, 
besides the charge of the molecule, 
may have an important role, and effi- 
cacy of intravitreal introduction of 
drugs may have to be determined 
experimentally. 

Besides antibiotics, corticosteroids 
are commonly used ophthalmic drugs. 
The side effects and complications of 
corticosteroids given systemically 
have always been a concern. Noninva- 
sive local administration, such as top- 
ical application or subconjunctival or 
retrobulbar injection, of corticoste- 
roids has been found to be unsatisfac- 
tory in delivering high drug levels to 
the vitreous cavity, retina, and optic 
nerve. To investigate the usefulness of 
local administration of steroids by 
transscleral iontophoresis to the eye, 
we performed transscleral iontophor- 
esis of dexamethasone sodium phos- 
phate into rabbit eyes and followed its 
clearance from various ocular tissues 
using high-performance liquid chro- 
matography (HPLC). 
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It has been reported that cryothera- 


py disrupts the bleod-ocular barrier *# 


and increases intravitreal ampicillin 
sodium levels when given systemical- 
ly.* To study whether cryotherapy 
may also facilitate drug entry into the 
vitreous body by means of iontophore- 
sis, we studied the effect of previous 
cryotherapy on the initial levels of 
dexamethasone after iontophoresis. 


MATERIALS AND METHODS 
Transscleral lontophoresis 


Eighteen young adult New Zealand albi- 
no rabbits (weighing 1.5 to 2 kg) were 
anesthetized with ketamine hydrochloride 
(50 mg/kg) and acepromazine maleate (0.5 
mg/kg). After topical instillation of 0.5% 
proparacaine hydrochloride, a negative 
application electrode (Fig 1) with a 0.7- 
mm-diameter orifice that contained dexa- 
methasone sodium phosphate solution (300 
mg/mL, 2 mmol/L edetic acid [EDTA]) 
was gently pressed against the conjuncti- 
val surface of the rabbit eyeballs superior 
nasally at 4 mm posterior to the limbus. 
The positive electrode was connected to the 
rabbit ear. The current was gradually 
increased to 1.6 mA (HP 6209B Constant 
Current Power Supply, Hewlett Packard, 
Berkeley Heights, NJ) and was maintained 
for 25 minutes. The animals were killed at 
0, 2, 4, 6, 10.5, and 24 hours after iontophor- 
esis with an overdose of pentobarbital 
sodium (Nembutal). The enucleated eyes 
were washed with saline solution, frozen 
with liquid nitrogen, and stored at —70°C 
until further processing. The rabbits used 
in this research were maintained accord- 
ing to the guidelines established in the 
Association for Research in Vision and 
Ophthalmology Resolution on the Use of 
Animals in Research. 


Extraction and HPLC Analysis 


Procedures for extraction and HPLC 
analysis of dexamethasone were adapted 
from published methods.’ To summarize 
briefly, the frozen eyeballs were partially 
thawed and opened. The whole vitreous 
body, together with the sensory retina 
attached, was collected. The retinal pig- 
ment epithelium (RPE) and choroid were 
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dissected from the sclera and collected. A 
segment of the retrobulbar optic nerve (2 
to 4 mm) was cut flush with the sclera and 
used for the estimation of dexamethasone 
levels. Two hundred microliters of 50 
A mmol/L TRIS buffer (1 mmol/L of magne- 
sium chloride, pH 10.0) was added to 
thawed tissue samples, which were then 
sonicated at full power in a cup probe 
(Artek Systems, Sonic Dismembrator 
Model 301, Farmingdale, NY) for 2 
minutes. After sonication, the samples 
were incubated in the presence of 0.5 U of 
alkaline phosphatase (Type VII-T, Sigma, 
St Louis, Mo) at 37°C for 1 hour. After 
incubation, dexamethasone in the samples 
was extracted with 1 mL of methylene 
chloride and then extracted again with a 
0.5-mL aliquot of methylene chloride. The 


Negative Pole Platinum 


combined organic layer was evaporated, 
and the content was reconstituted in the 
mobile phase for HPLC analysis. A 
3.9X15-mm column (Waters Nova-Pak 
C18, Milford, Mass) was used. The mobile 
phase was a mixture of 67% sodium ace- 
tate (2 mmol/L, pH 4.8) and 33% acetoni- 
trile with a rate of 1 mL/min. Absorbance 
was monitored by a detector (Waters 490) 
at 246 nm. 


Cryotherapy 


Nine rabbits were anesthetized by meth- 
ods mentioned above, and a single cryo- 
therapy spot (—80°C; 45 seconds, and probe 
diameter, 3 mm) was applied to the superi- 
or-nasal sclera, 4 mm behind the limbus in 
each eye. The treatment spots were 
marked on the sclera with india ink. lonto- 


phoresis was performed at the site of cryo- 
therapy at 3, 7, and 14 days later. The 
animals were killed immediately after ion- 
tophoresis, and theireyes were enucleated, 
washed with saline solution, frozen with 
liquid nitrogen, and stored at —70°C until 
further processing. One-way analysis of 
variance and Tukey’s multiple-comparison 
procedure were used for-statistical analy- 
sis. 


RESULTS 
Initial Levels and Clearance of 
Dexamethasone After Transscleral 
lontophoresis 


Dexamethasone levels in the vitre- 
ous body-sensory retina, RPE-cho- 
roid, and optic nerve at various times 
after transscleral iontophoresis are 
shown in Fig 2. Immediately after 
iontophoresis, levels of dexametha- 
sone in the vitreous bedy-sensory ret- 
ina, RPE-choroid, and optic nerve 
were 196 + 32 we per eye, 122 + 36 
ug/g of wet tissue, and 3.4 + 1.1 ug/g 
of wet tissue, respectively. In the optic 
nerve, a lag of 2 hours was observed 


a) 


between the time of iontophoresis and 
ye the appearance of peak levels of dexa- 
methasone (32 + 9 ug/g). No such lag 
time was observed in the vitreous 
body-sensory retina and RPE-cho- 
roid. Clearance from all three tissues 
was relatively rapid with apparent 
half-lives of 1.7, 17, and 1.8 hours for 
the vitreous-senscry retina, RPE-cho- 
roid, and optic nerve, respectively. 
Despite the rapid clearance, signifi- 
cant levels of dexamethasone were 
found in all tissue fractions at 24 
hours after iontophoresis as follows: 
vitreous body-sensory retina, 3.3 + 


of Constant Electrode 


Current Supply - $ 


Dexamethasone - 
Sodium Phosphate \ 
Solution 





Fig 1.—Design of application electrode used for transscleral iontophoresis. Pointed tip of solution 
chamber was applied to conjunctival surface of rabbit. Positive pole of electrode was applied to 
rabbit's ear. 


Fig 2.—Clearance of dexamethasone sodium phosphate after iontophoresis in vitreous body-sensory 
retina (left), retinal pigment epithelium-choroid (center), and optic nerve (right). Insets, Semilogaritamic 
plots of same data. All values represent mean + SE for each point (n = 6). 
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Fig 3.—Effect of cryotherapy on initial levels of dexamethasone sodium phosphate after 
iontophoresis in vitreous body-sensory retina. All values represent mean + SE for each group 


(n = 6). Asterisk indicates a = .05. 


Administration 


Subconjunctival 


Tissue 


Choroid-retina, ug/g 
of wet tissue 


Vitreous, mg/L 


Transscleral 


Retrobulbar Topical lontophoresis 





140 


* Conditions: subconjunctival injection,'® 1 mg and peak level at 2 hours; retrobulbar injection,'® 1 mg and 
peak level at 2 hours; topical instillation,"® 0.1% and 60 minutes of contact time; and transscleral 


iontophoresis, 0.3 g/mL, 1.6 mA, and 25 minutes. 


0.5 wg per eye; RPE-choroid, 3.9 + 1.7 
ug/g of wet tissue weight; and optic 
nerve, 3.6 + 2.4 ug/g of wet tissue 
weight. 


Effect of Cryotherapy on the Initial Level 
of Dexamethasone After lontophoresis 


Figure 3 shows the initial levels of 
dexamethasone-given transscleral 
iontophoresis at 3, 7, or 14 days after 
cryotherapy in the same area. Cryo- 
therapy at 3 days before iontophoresis 
caused a significant decrease (a = .05) 
in the level of dexamethasone in the 
vitreous body-sensory retina fraction. 
Eyes given iontophoresis at 7 and 14 
days after cryotherapy showed low- 
ered drug levels, but they were not 


statistically significant compared 
with the eyes without cryotherapy. 
COMMENT 


The importance of the choice of 
steroid preparations in the success of 
iontophoresis has been supported by 
the observations of Barza et al’ and 
Glass et al.” The latter reported that 
there was no facilitated penetration of 
hydrocortisone sodium succinate but 
increased penetration of dexametha- 
sone sodium phosphate into monkey 


skin by iontophoresis. Steroids such 
as triamcinolone,'' hydrocortisone 
disodium phosphate,? and predni- 
solone sodium phosphate” have been 
successfully delivered by iontophore- 
sis. More recently, dexamethasone 
sodium phosphate levels have also 
been demonstrated to be increased in 
intratympanic fluid after transtym- 
panic iontophoresis.'* Transscleral 
iontophoresis of dexamethasone has 
not been previously described. In this 
study, dexamethasone sodium phos- 
phate was selected owing to its clini- 
cal use in endophthalmitis and its 
proven success of facilitated penetra- 
tion by iontophoresis in other tissues 
of the body. We demonstrated that 
high levels of dexamethasone could be 
introduced into the vitreous body by 
means of transscleral iontophoresis. 
Barza et al’ employed an eyecup 
with negative pressure to maintain 
contact of the iontophoresis electrode 
with the eye. In their study, a plati- 
num electrode was housed in a syringe 
barrel and connected to a narrow 
glass tube through silicone tubings 
and glass tubes; another syringe was 
used to trap gas bubbles that formed. 
In our experiment, we designed a sim- 
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pler apparatus. Good contact of the 
electrode and the eye was maintained 
by pressing the electrode to the eye. A 
relatively large solution chamber that 


contained a small volume of the rts 
was used to trap the gas bubbles tha 


were generated. To avoid excessive 
gas pressure inside the electrode 
chamber, a syringe was used to with- 
draw gas from the chamber. A plati- 
num electrode was inserted into the 
solution chamber. This simplified 
design greatly facilitated the jionto- 
phoresis procedure. 

The Table shows the peak levels of 
dexamethasone in ocular tissues 
reached by subconjunctival* or retro- 
bulbar injections, topical instilla- 
tions,“ and transscleral iontophoresis 
under the conditions specified. Sub- 
conjunctival and retrobulbar injec- 
tions of 1 mg of dexamethasone sodi- 
um phosphate gave peak choroid-reti- 
nal levels of 18.1 and 6.6 ug/g of wet 
tissue (Table), respectively, and peak 
vitreous levels of 0.2 and 0.3 mg/L, 
respectively (Table), 2 hours after 
injection." Topical instillation of 0.1% 
dexamethasone sodium phosphate 
solution for 1 hour gave negligible 
levels in the vitreous body and cho- 
roid-retina (Table)."° Our results 
showed that transscleral iontophore- 
sis delivered a much higher peak dose 
to the vitreous body-sensory retina, 
RPE-choroid, and optic nerve than 
subconjunctival,'’ retrobulbar, or 
topical administration of corticoste- 
roid. Transscleral iontophoresis may 
be a good alternative to conventional 
local methods of administration. 

Intravitreal levels of the radiola- 
beled drug at various intervals after a 
single intravitreal injection of 0.4 mg 
of dexamethasone sodium phosphate 
have been determined with scintilla- 
tion counting by Graham and Pey- 
man.” In their experiment, two eyes 
of one rabbit were used for each time 
point, and a half-life of less than 3 


hours was reported. In our experi- ~ 


ments, we showed a half-life of 1.7 
hours in the vitreous body-sensory 
retina fraction. However, the drug 
levels of our tissues were determined 
by a specific HPLC method and a 
larger sample size (six eyes). Also, we 
measured the vitreous body-sensory 
retinal levels, while Graham and Pey- 
man” followed only the vitreous level. 
These differences may partially 
account for the discrepancy in the 
results of the two experiments. It is 
also possible that clearance of intravit- 
real drugs may be slightly different 
when administered by the two differ- 
ent routes. In both studies, significant 
therapeutic levels of dexamethasone 
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were observed in all tissues at 24 
hours after administration. Further- 
more, the vitreosensory retinal level 
obtained in eur study is four to five 
times higher than that reported by 
Graham and Peyman” (3.3 vs 0.64 
mg/L) despite a lower initial level 
delivered (0.2 vs 0.4 mg with intravit- 
real injection). A possible explana- 
tion could be that pools of the steroid 
that had accumulated in the conjunc- 
tiva, sclera, and choroidal tissues after 
iontophoresis were slowly released. 
Similar tissue reservoirs of drugs were 
described in the skin after iontophore- 
sis of insulin.‘* Hence, our results sug- 
gested that transscleral iontophoresis 
may be clinically advantageous be- 
cause of a lower initial dose to avoid 
side effects of the drug, but a higher 
therapeutic tissue level later com- 
pared with intravitreal injection. 
Contrary to the study by Rober et 
al,* who reported an increase in intra- 
vitreal drug levels after cryotherapy 
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when ampicillin was given systemical- 
ly, our results showed that cryothera- 
py does not increase intravitreal dexa- 
methasone levels by transscleral ion- 
tophoresis. Instead, a decrease in the 
intravitreal drug level at 3 days after 
cryotherapy was noted, suggesting 
that factors other than the breakdown 
of the blood-ocular barrier may affect 
the intravitreal drug levels delivered 
by transscleral iontophoresis. A possi- 
ble explanation for the initial drop in 
intravitreal drug levels (3 days after 
cryotherapy) followed by a gradual 
return to normal levels (7 and 14 days 
after cryotherapy) may be partially 
explained by the histopathologic fea- 
tures of cryotherapy as described by 
Curtin et al’? and Lincoff et al.” They 
reported marked engorgement of cho- 
roidal vessels in the early phase fol- 
lowing cryotherapy, and at 10 days, 
the choroidal vessels appeared to be 
normal again. The decrease of intravit- 
real levels of dexamethasone ob- 
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served in the rabbit eyes given ionto- 
phoresis 3 days after cryotherapy may 
be due to the increased blood flow at 
the site of iontophoresis (after cryo- 
therapy), resulting im decreased deliv- 
ery efficiency. As the choroidal ves- 
sels gradually returned to normal, 
intravitreal drug levels after ionto- 
phoresis also returned to levels com- 
parable with those ef the untreated 
group. Local vasculature and blood 
flow may play am important role in 
intravitreal drug delivery by trans- 
scleral iontophoresis. 
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Immunocytochemical Localization of Ornithine 


Aminotransferase in Human Ocular Tissues 
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e Gyrate atrophy of the choroid and 
retina is a rare inherited form of chorioret- 
inal degeneration caused by a deficiency 
of ornithine aminotransferase. We local- 
ized the enzyme in human ocular tissues 
using immunocytochemical procedures. 
Immunoreactivity was observed in the 
nonpigmented epithelium of the ciliary 
body and lens epithelium. In the retina, 
ganglion cells and some amacrine cells 


were immunoreactive. Pigmented gran- 
ules made it difficult to identify immuno- 
reactive products in the iris, pigmented 
epithelium of the ciliary body, choroid, and 
retinal pigment epithelium. Our findings 
suggested that ornithine aminotrans- 
ferase plays an important role in ornithine 
metabolism in these oculartissues. 

(Arch Ophthalmol. 1989;107:1372-1 374) 
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Fig 1.—Immunocytochemical evidence of ornithine ami 
and lens epithelium (bottom left) (arrow). There is no i 





without anti-ornithine aminotransferase antibodies. Bar, 20 um. 
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notransferase in nonpigmented epithelium of the ciliary body (top left) 
mmunoreactivity in the ciliary body (top right) and lens (bottom right) 


Since the mitochondrial matrix en- 

zyme ornithine aminotransferase 
(OAT) (EC 2.6.1.13) was found to be 
deficient in patients with hyperorni- 
thinemia associated with gyrate 
atrophy of the choroid and retina,” 
much attention has been drawn to its 
study. 

Using a biochemical method, we pre- 
viously demonstrated a high activity 
of OAT in iris, ciliary body, neuroret- 
ina, and retinal pigment epithelium of 
bovine, rabbit, and human eyes.* 
Moreover, we localized OAT in rat oc- 
ular tissues with the use of immuno- 
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cytechemica! methods” and found im- 
munoreactive products in the epithe- 
lium of iris, ciliary body, and lens as 
well as in Müller cells and retinal pig- 
ment epithelium. To ascertain the spe- 
cies difference of the enzyme, we stud- 
ied the localization of OAT in human 
ocular tissues. 


MATERIALS AND METHODS 


For the present study, four human eyes 
were used. These eyes were obtained from 
three Japanese patients aged 89, 60, and 64 
years who had malignant orbital tumors 
and a patient aged 69 years who had max- 
illary sinus carcinoma and who had under- 
gone total excision of the orbit. These pa- 
tients had not reeeived antimetabolites or 
radiation therapy before surgery. They had 
no intraocular diseases except for slight 
eataract. Additionally, livers obtained from 
autopsies were also used to confirm the va- 
lidity of our techniques. 

Anti-human OAT was prepared as pre- 
viously reported.“ For light microscopic 
immunocytochemistry studies, the human 
eyes were fixed with periodate-lysine-para- 
formaldehyde at 4°C overnight and em- 
bedded in paraffin according to the method 
of McLean and Nakane." Sections 3 um in 
thickness were treated with xylene and al- 
cohol and washed with 0.14 mol/L of sodium 
chloride and @.01 mol/L of phosphate-buff- 
ered saline (PBS), at a pH of 7.4, and PBS 
containing 0.05% polysorbate 20 (Tween 
20). Sections were incubated in 0.3% hydro- 
gen peroxide-methy] alcohol for 10 minutes 
at room temperature, in normal goat serum 
(1:50) for 24 hours, in rabbit anti-human 
OAT F(ab’ ), (L5 mg/L) for 24 hours at 4°C, 
in biotin-conjugated goat anti-rabbit IgG 
(1:200) for 24 hours at 4°C, and then in avi- 
din mixed with biotin-conjugated peroxi- 
dase (Vector Laboratories Inc, Burlingame, 
Calif) for 2 hours at room temperature. 
Anzibodies were dissolved in PBS contain- 
ing 0.05% polysorbate 20 and 1% bovine se- 
rum albumin, and sections were rinsed with 
PBS containing 0.05% polysorbate 20 be- 
tween incubations. Color was developed by 
incubation in 50 mmol/L of TRIS hydro- 
chloride, at a pH of 7.6, 0.02% 3,3’ -diami- 
nobenzidine hydrochloride, and 0.005% hy- 
drogen peroxide for 6 minutes at room 
temperature. As controls, 0.05 mL of bovine 
serum albumin, 0.05 mL of 0.03 mg/mL 
nonimmunized rabbit F(ab’), and 0.05 mL 
of 1.5 mg/L ef anti-human OAT absorbed 
with 1 wg of purified human OAT were used 
instead of anti-human OAT F(ab’ )>. 

Bleaching using potassium permanga- 
nate was performed to eliminate pigment 
granules for pigmented ocular tissues. Af- 
ter bleaching, immunocytochemical proce- 
dures were carried out as mentioned above. 


RESULTS 


Immunoreactive products for OAT 
were observed in nonpigmented epi- 
thelium of ciliary body (Fig 1, top left) 
and epithelium of lens (Fig 1, bottom 
left). In the retina, the immunoreac- 
tive product was seen in ganglion cells 
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Fig 2.—Immunocytochemical evidence of ornithine aminotransferase ia human retina. Ganglion 
cells (arrow) and amacrine cells (arrowhead) are immunoreactive (top left and bottom left). There 
is no immunoreactivity in inner (top right) and outer retina (bottom rignt) without anti-ornithine 


aminotransferase antibodies. Bar, 20 um. 


and in some amacrine cells, but it was 
not seen in photoreceptor cells (Fig 2, 
top left and bottom left). There were no 
regional differences in staining be- 
tween central and peripheral retina. It 
was difficult to identify immunoreac- 
tive products in iris, pigment epithe- 
lium of ciliary body, choroid, and ret- 
inal pigment epithelium. Therefore, 
bleaching procedure was performed to 
eliminate pigment granules from pig- 
mented ocular tissues. However, this 
procedure damaged the tissues so se- 
verely that we did not confirm the im- 
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munoreactive products definitely. 
Human liver also showed the im- 
munoreactivity (data not shown). No 
immunoreactive product was detected 
in the control sections (Fig 1, top right 
and bottom right, and Fig 2, top right 


and bottom right). No difference in lo- _ 


ealization of OAT was found among 
four eyes. 


COMMENT 


We located the mitochondrial en- 
zyme OAT in human ocular tissues by 
immunocytochemica! methods. Immu- 
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noreactivity was demonstrated in non- 
pigmented epithelium of ciliary body, 
epithelium of lens, ganglion cells, and 
some amacrine cells. Interestingly, no 
immunoreactivity was exhibited in the 
inner segments of photoreceptor cells, 
although the segments contain many 
mitochondria. It was very difficult to 
identify the immunoreactive product 
in pigmented ocular tissues. 

Our findings in human ocular tissues 
were similar in some respects to those 
obtained in rat eyes.” However, a dif- 
ference was observed in the retina. In 
rat retina, Müller cells and retinal 
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pigment epithelium had an immuno- 
reaction to OAT. In the human retina, 
ganglion cells and some amacrine cells 
showed an immunoreaction, suggest- 
ing a species difference in OAT local- 
ization. Our findings also point out the 
importance of using human materials 
to investigate the pathogenesis of hu- 
man diseases such as gyrate atrophy of 
the choroid and retina. Patients with 
gyrate atrophy not only exhibit a 
chorioretinal lesion, but they also 
demonstrate cataract,’ short and 
scanty ciliary processes," and iris 
atrophy.'* These abnormalities occur 
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in ocular tissues that disclose a high 
activity of OAT, except for the choroid. 
It is likely that choroidal atrophy may 
be secondary to the retinal pigment 
epithelial lesion. Possibly, OAT plays 
an important role in these tissues. If 
so, a deficiency of the enzyme in these 
tissues may produce tissue abnormal- 
ities noted in patients with gyrate at- 
rophy of the choroid and retina. 
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Collagen Shield Enhancement of 


Topical Dexamethasone Penetration 
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e Collagen corneal shields were inves- 
tigated as a vehicle for enhancing the oc- 
ular penetration of topical 0.1% dexa- 
methasone alcohol in rabbit eyes. Four 
pretocols were compared: a single dex- 
amethasone drop, hourly drops, a 24-hour 
collagen shieid presoaked in 0.1% dexa- 
methasone, and a presoaked collagen 
shield followed by hourly drops. Dexam- 
ethasone concentrations in the cornea, 
aqueous, iris, and vitreous were measured 
by radioassay at six time intervals, and 
cumulative drug delivery over 6 hours was 
caiculated for each tissue. Treatment with 
a preseaked collagen shield plus hourly 
drops resulted in peak and cumulative 
drug delivery"to the cornea, aqueous, iris, 
and vitreous that was twofold to fourfold 
higher than delivery achieved with hourly 
drops alone. A presoaked shield by itself 
yielded equivalent or superior peak and 
cumulative drug delivery compared with a 
regimen of heurty drops. Collagen shields 
significantly enhance topical dexametha- 
sone penetration and may be useful for 
maximizing theintraocular delivery of dexa- 
methasone and for decreasing the re- 
quired frequency of topical dexametha- 
sone administration. 

(Arch Ophthalmol. 
1380) 
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Achieving maximal intraocular pen- 
etration with topical corticoster- 
oids remains a difficult problem. Li- 
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pophilic steroid preparations such as 
prednisolone acetate and dexametha- 
sone alcohol are more effective than 
water-soluble steroid derivatives but 
require thorough shaking and fre- 
quent administration to achieve max- 
imal intraocular delivery.'? Compli- 
ance with this regimen can be difficult 
for even the most cooperative 
patients.’ 

Collagen corneal shields have re- 
cently been investigated as a vehicle 
for enhancing topical antibiotic 
delivery.“ Collagen shields are biode- 
gradable contact lens-shaped films 
made of porcine scleral collagen. The 
shields dissolve over a 12- to 72-hour 
period after placement on the eye, de- 
pending in part on the degree of colla- 
gen cross-linking induced at the time 
of manufacture. Collagen shield-as- 
sisted delivery of vancomycin, genta- 
micin, and tobramycin to the cornea 
and aqueous humor has been shown to 
be comparable with or superior to top- 
ical therapy in rabbits.** To date there 
have been no studies of drug levels in 
the iris with collagen shield delivery. 
The only report of collagen shield-as- 
sisted drug penetration into the vitre- 
ous found “negligible” vitreous levels 
of gentamicin in rabbit eyes following 
collagen shield delivery.‘ The mecha- 
nisms of collagen shield drug delivery 
are incompletely understood. 

We report the first investigation of 
the use of collagen shields to enhance 
delivery of corticosteroids to the ante- 
rior and posterior segments of the 
rabbit eye. A commonly used topical 
corticosteroid preparation, 0.1% dexa- 
methasone (dexamethasone alcohol), 
was employed in these experiments. 
Collagen shield-assisted dexametha- 


sone delivery wascompared with stan- 
dard topical therapy with respect to 
dexamethasone penetration into the 
cornea, aqueous, iris, and vitreous. The 
results of these experiments are re- 
ported herein. 


‘MATERIALS AND METHODS 


Tritiated dexamethasone (Amersham, 
Arlington Heights, Ill! was dried under a 
vacuum and added to a commercially avail- 
able ophthalmic suspension of dexametha- 
sone alcohol (Maxicex, Alcon Laboratories, 
Fort Worth, Tex) to produce a specific 
activity of 10.0 uCi/mg of dexamethasone 
(4.0 wCi/umol of dexamethasone) and a 
final concentration of 0.1%. To ensure con- 
sistent drug distribution in each aliquot, 
the dexamethasone suspension was shaken 
40 times before each administration. 

New Zealand white rabbits of either sex 
weighing 2 to 2.5 kg were utilized in accor- 
dance with Association for Research in Vi- 
sion and Ophthalmology Guidelines on the 
Use of Animals in Research. Animals were 
sedated and anesthetized with a 5:1 mixture 
of intramuscular ketamine hydrochloride 
and xylazine. Penetration of tritiated dex- 
amethasone into the cornea, aqueous hu- 
mor, iris, and vitreous was compared for 
four different regimens of administration: a 
single drop, hourly drops, a presoaked col- 
lagen shield, and a presoaked shield fol- 
lowed by hourly drops. Preliminary exper- 
iments. disclosed no detectable tritiated 
dexamethasone in fellow untreated eyes 
after treatment with any of the four regi- 
mens. Therefore, 2 paired treatment proto- 
col was designed im which each animal re- 
ceived one treatment in one eye and another 
treatment in the epposite eye. 

In experiment 1, 40 rabbits were divided 
among six groups accerding to duration of 
treatment: 15 minutes (n = 4), 30 minutes 
(n =6), 1 hour (r = 8), 2 hours (n = 8), 4 
hours (n = 8), and 6 hours (n = 6). A 24- 
hour collagen shield (Bio-Cor 24 Collagen 
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Corneal Shield, Bausch & Lomb Pharma- 
ceuticals, Clearwater, Fla) was soaked for 
20 minutes in radiolabeled 0.1% dexa- 
methasone. Each shield absorbed approxi- 
mately 50 uL of the dexamethasone suspen- 
sion. Presoaked shields were then applied to 
the right cornea of each sedated rabbit. A 
microliter pipette was used to instil] a sin- 
gle 50-uL drop of tritiated 0.1% dexametha- 
sone evenly over the corneal surface of each 
left eye with the lower lid pulled away from 
the eye to avoid spillover. Both eyes of each 
rabbit were then taped shut. The rabbits 
were kept prone and lightly sedated 
throughout the treatment period. 

In experiment 2, 18 rabbits were divided 
equally among groups receiving treatment 
for 2, 4, or 6 hours. As in experiment 1, a 
presoaked shield was applied to the right 
eye and a 50-uL drop to the left eye. How- 
ever, beginning 1 hour after application of 
the shield or drop, supplemental 50-uL 
drops were administered hourly to both 
eyes. Eyes were taped shut between doses. 
The rabbits were maintained under light 
sedation in a prone position throughout 
treatment. The last supplemental drops 
were instilled 1 hour before the time of 
death. 

After a predesignated treatment inter- 
val, animals were killed with a 75-mg/kg 
overdose of pentobarbital sodium given by 
marginal ear vein injection. Collagen 
shields were removed from right eyes. The 
corneal and conjunctival surfaces of both 
right and left eyes were rinsed with phos- 
phate-buffered saline and dried. A 30-gauge 
needle on a 1-mL syringe was used to with- 
draw 0.1 to 0.2 mL of aqueous humor via a 
limbal paracentesis site. The globes were 
then enucleated and rinsed three times in 
phosphate-buffered saline to reduce any 
residual surface radioactivity. A circumfer- 
ential full-thickness incision through 
sclera and choroid was made 2.5 mm from 
the limbus, and the anterior segment struc- 
tures were dissected free from the vitreous 
body. A disposable trephine was used to re- 
move an 8.0-mm-diameter central corneal 
button. The iris was excised by disinsertion 
from the iris root. The vitreous body was 
removed by expression. The cornea and iris 
tissues were rinsed three times in phos- 
phate-buffered saline and then blotted. All 
tissues and fluids were weighed. Cornea, 
iris, and vitreous specimens were solubi- 
lized by the addition of 1 mL of 0.5 mol/L of 
dihydroxyacetone (Protosol, New England 
Nuclear, Boston, Mass) and placement ina 
45°C oscillating water bath for 12 hours. 
After cooling the specimens to 25°C, 9 mL 
of liquid scintillation cocktail (Aquasol, 
New England Nuclear) was added to each 
specimen. 

Scintillation counting was performed for 
at least 10 minutes per specimen. Mean 
counts per minute were determined with an 
SEM of +0.5% or less. Background counts 
were subtracted from raw counts per 
minute and then divided by tissue weight to 
yield net counts per minute per gram of tis- 
sue (or, in the case of aqueous, counts per 
minute per milliliter). Internal standards 
were used to correct for quenching and to 
derive total disintegrations per minute. 
Dexamethasone concentrations per gram of 


tissue (or per milliliter of aqueous) were 
then calculated. The minimum sensitivity 
of this assay was determined to be 0.5 ng of 
dexamethasone. 

Mean concentrations in cornea, aqueous, 
iris, and vitreous were determined for each 
treatment interval and type of treatment. A 
paired two-tailed Student’s ¢ test was used 
to compare within-animal treatment dif- 
ferences (ie, shield vs drop, shield plus 
hourly drops vs hourly drops). An unpaired 
two-tailed ¢ test was used to compare treat- 
ments performed on rabbits in different 
experimental groups (ie, shield vs hourly 
drops). Statistical significance was ac- 
cepted at a level of P < .01, based on a Bon- 
ferroni correction for six interval compar- 
isons of dexamethasone levels for each 
therapeutic regimen. For each treatment, 
the area under the curve (AUC) of the mean 
tissue concentration-time plot at 2, 4, and 6 
hours of treatment was caleulated using the 
trapezoidal rule to determine cumulative 
drug delivery. Student’s t tests were used in 
similar fashion to compare the AUCs for 
each type of treatment. Statistical signifi- 
cance for differences in AUCs was accepted 
at P = .015, based on a Bonferroni correc- 
tion for three interval comparisons of 
AUCs for each therapeutic regimen. 


RESULTS 


Dexamethasone tissue levels at var- 
ious intervals for each of the four 
treatment regimens are compared in 
Tables 1 and 2. Corresponding semilog- 
arithmic concentration-time plots for 
each tissue are depicted in Figs 1 
through 4. Cumulative tissue delivery 
of dexamethasone (AUC) is compared 
among the four types of treatment in 
Table 3 and Fig 5. 

Experiment 1 compared application 
of a presoaked shield with application 
of a single drop. Peak tissue levels were 
attained within 1 hour for either treat- 
ment. Thereafter, levels declined in 
each group at an equivalent rate ac- 
cording to first-order elimination ki- 
netics. The shield regimen produced 
peak cornea, aqueous, and iris dexa- 
methasone levels that were 270% 
higher for cornea (P = 001), 210% 
higher for aqueous (P = 005), and 
156% higher for iris (P = .0002) than 
peak levels produced by application of 
a drop. Cornea, aqueous, and iris con- 
centrations remained twofold to five- 
fold higher in the shield-treated group 
at all time points studied. 

Vitreous dexamethasone levels of 
the shield-treated group were also 
higher than those of the drop-treated 
group at all treatment intervals, but by 
a comparatively smaller margin of be- 
tween 40% and 110%. Consequently, 
these observed differences did not 
reach statistical significance when 
groups were compared at any individ- 
ual time point. However, when vitre- 
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ous levels in each treatment group 
were compared in pairwise fashion 
over all six time peints, a significant 
difference in favor of the shield- 
treated group over the drop-treate 
group was demonstrated (paired ¢ test, 
P = 002). Cumulative dexamethasone 
delivery over 6 hours as determined by 
measurement of the AUC was signifi- 
cantly higher in the shield-treated 
group by 294%, 241%, 157%, and 63% 
for cornea, aqueous, iris, and vitreous, 
respectively (P = .0001 for each tis- 
sue). 

Experiment 2 compared treatment 
with hourly drops plus a presoaked 
shield with treatment with hourly 
drops alone. Since the protocol di- 
verged from that of experiment 1 only 
after the first hour, the data for 15- 
minute, 30-minute, and 1-hour pene- 
trations were taken directly from ex- 
periment 1. The shield plus drops 
group rapidly attained high tissue lev- 
els, which were then sustained by the 
addition of supplemental drops. The 
hourly drops group showed a progres- 
sive increase in tissue dexamethasone 
levels with successive dosing. How- 
ever, even after 6 hours, the levels at- 
tained were significantly lower than 
those of the shield plus drops group. 
The 6-hour levels in the shield plus 
drops group were 61% higher for cor- 
nea (P = .003),53% higher for aqueous- 
(P = .002), and 26% higher for iris 
(P = .006) than in the hourly drops 
group. Six-hour vitreous levels were 
not significantly different. Cumulative 
6-hour dexamethasone delivery to the 
cornea, aqueous, iris, and vitreous was 
approximately twofold higher in the 
shield plus drops group (P < .002 for 
each tissue). 

To determine whether the presence 
of a collagen shield weuld have any ef- 
fect on the penetration of supplemen- 
tal drops, the 5-hour cumulative deliv- 
ery attributable to hourly supplemen- 
tal drops given in hours 1 through 5 
was compared. The AUC for supple- 
mental drops in the presence of a 
shield was calculated by subtracting 
the AUC for shield treatment (shield 
placed at hour 0) from the AUC for 
shield plus hourly drops (shield placed 
at hour 0, drops given in hours 1 
through 5). The AUC for supplemental 
drops without the presence of a shield 
was similarly determined by subtract- 
ing the AUC for single-drop treatment 
(at hour 0) from the AUC for hourly 
drop treatment (at hours 0 through 6). 
The results are reported in Table 4. 
The addition of a collagen shield in- 
creased cumulative delivery from sup- 
plemental hourly drops by 26% for 
cornea (P= .03), 22% for aqueous 


Collagen Shield—Hwang et al 


(P = .04), 48% for iris (P = .02), and 
149% for vitreous (P = .06). 

To assess how delivery from a shield 
alone would eempare with delivery 


y from hourly drops, peak and cumula- 


tive delivery for these two regimens 
were examined. One-hour cornea, 
aqueous, and iris levels were observed 
to be significantly higher with the 
shield (P < .001). After 1 hour, how- 
ever, tissue levels in the shield group 
declined exponentially, whereas tissue 
levels in the hourly drop group in- 
creased logarithmically. Interpolation 
of these two curves demonstrated that 
tissue levels with:shield treatment re- 
mained higher than levels with hourly 
drep therapy for the first 3 hours but 
thereafter decreased progressively. 
Nevertheless, eumulative 6-hour deliv- 
ery still favered shield therapy with 
respect to corneal delivery (48% 
higher, P = .003) and aqueous delivery 
(42% higher, P = .004) and remained 
approximately equivalent for iris and 
vitreous delivery. 


COMMENT 


This is the first investigation of col- 
lagen shield delivery of topical corti- 
costeroids. The results of these exper- 
iments indicate a significant enhance- 
ment of penetration of topical 
dexamethasere in the presence of a 
24-hour collagen shield. Both peak and 
cumulative drug delivery are signifi- 
cantly increased by the placement of a 
presoaked cellagen shield on the cor- 
neal surface. Collagen shields appear 
to provide a pulse delivery of dexa- 
methasone to the ocular tissues 
shortly after application. Peak levels 
are achieved within 30 minutes in the 


Tissue 
Cornea, ug/g 


Aqueous, „g/mL 


Iris, ug/g 


Vitreous, ug/g 


Tissue 


Time, h 


Treatment 
Time, h 


0.25 
0.5 
1.0 
2.0 
4.0 
6.0 
0.25 
0.5 
1.0 
2.0 
4.0 
6.0 
0.25 
0.5 
1.0 
2.0 
4.0 
6.0 
0.25 
0.5 
1.0 
2.0 
4.0 
6.0 


Single 
Drop 
12.65 + 0.71 
7.89 + 1.12 
6.11 + 0.94 
3.68 + 0.56 
1.00 + 0.18 
0.48 + 0.09 
0.29 + 0.08 
0.67 + 0.07 
0.71 + 0.09 
0.68 + 0.17 
0.20 + 0.04 
0.06 + 0.01 
1:20 £ 0.21 
1:35 + 0.15 
1.05 + 0.13 
0.63 + 0.12 
0.20 + 0.02 
0.13 + 0.01 
0.008 + 0.001 
0.010 + 0.002 
0.011 + 0.002 
0.009 + 0.002 
0.007 + 0.001 
0.005 + 0.001 


*Mean +SEM dexamethasone concentration. 


Shield Alone 
vs Single Drop* 


Shield 
Alone 
46.92 + 1.81 
31.49 + 1.56 
18.23 + 3.41 
16.74 + 1.42 
5.00 + 0.81 
1.37 + 0.15 
0.68 + 0.10 
2AT + O17 
2-40 + 0.22 
2.36 + 0:18 
0.84 + 0.12 
0.21 + 0.03 
1.88 + 0.23 
3.48 + 0.18 
2.39 + 0.20 
1.80 + 0.23 
0.65 + 0.11 
0.31 + 0.03 
0.013 + 0.003 
0.015 + 0.002 
0.023 + 0.004 
0.012 + 0.002 
0.010 + 0.002 
0.007 + 0.001 


Shield Alone 
vs Hourly Dropst 


Hour'y 
Drops 


12.65 
7.89 
6.11 
7.92 
7.28 
9.55 
0.29 
0.67 
0.71 


+ D.71 
1.12 
0.94 
1.73 
1.55. 
1.76 
0.08 
0.07 
0.09" 


H | i+ H [4 | | [i | 


Shield + 
Hourly Drops 


46.92 + 1.81 
31.49 + 1.56 
18.23 + 3.41 
16.69 + 1.18 


15.69 
15.40 
0.68 
2.17 
a.17 


I+ | 1+ | 14+ | I+ 


2.67 
2.59 
0.10 
0.17 
+ 0.22 





0.98 + 0.18 
1.04 + 0.14 
1.29 + 0.19 
1.20 + 0.21 
1.35 + 0.1S 
1.05 + 0.13 
1.13 + 0.11 
1.06 + 0.1& 
1.30 + 0.26 


0.008 + 0.001 
0.010 + 0.062 
0.011 + 0.062 
0.012 + 0.0G2 
0.016 + 0.001 
0.019 + 0.004 


2.17 
2.15 
1.97 
1.88 + 
3.48 + 
2.39 
2.41 
2.23 
1.64 
0.013 
0.015 
0.023 
0.030 
0.032 
0.032 + 


HIHIH 


+i fe p fie f H II 


mi hee Cornea 0.25 004 .004 .004 
cornea, aqueous, and iris and within 1 ae TT iae a 
hour in the vitreous. A collagen shield F a PT 
continues to promote penetration of F an ae ap 
additional dexamethasone drops for at y aa sae a 
least 6 hours. By combining shield ap- me mae ihe aa 
plication and supplemental hourly Paar —" = a rr 
drops, high tissue levels are rapidly T ass ake pea 
attained and maintained. This is in T 0007 0007 0007 
contrast to hourly drop therapy, which oe 0003 0002 01 
does not achieve steady-state levels is 001 505 001 
even after 6 hours of therapy. As a re- 5.0 002 0002 03 
sult, cumulative 5-hour drug delivery iris 0.25 003 003 003 
to the cornea, aqueous, iris, and vitre- 05 0002 0002 0002 
ous is twofeld higher for treatment 10 0001 0001 001 
with shield plus drops as compared 20 007 07 02 
with a regimen of hourly drops alone. 40 02 03 02 
In comparing therapy with a shield 6.0 0006 0006 03 
alene with treatment with hourly Vitreous 0.25 >.05 >.05 >.05 
drops, the eornea, aqueous, and iris 05 >.05 >.05 >.05 
levels with shield treatment are sig- 10 S05 >.05 S05 
nificantly higher at 0.5, 1, and 2 hours 2.0 >.05 >.05 >.05 
but lower at 6 hours. Cumulative de- 4.0 >.05 03 >.05 
livery over 6 hours is equivalent or 6.0 >.05 04 >.05 


0.25 
0.15 
0.27 
0.23 
0.18 
0.20 
0.41 
0.47 
0.25 
0.003 
0.002 
0.004 
0.011 
0.007 
0.012 





vs Hourly Drops”* 


higher with shield therapy than with 
hourly drops. 


* Two-tailed paired t fest. 
+Two-tailed t test: paired for 0.25-, 0.5-, and 1-hour groups, unpaired for 2-,.4-, and 6-hour groups. 


Arch Ophthalmoi—Vol 107, September 1989 Collagen Shield—Hwang et al 1377 


Corneal Dexamethasone Concentration, ug/g 


@— Shield and Hourly Drops 
©—° Hourly Drops 

@--® Shield 

œ-© Drop 





10 


0.1 


Aqueous Dexamethasone Concentration ug/mL 


0.01 


Hours of Treatment 


@—- Shield and Hourly Drops 
©— Hourly Drops 

® - -@ Shield 

©--O Drop 





Hours of Treatment 


Fig 1.—Top left, Semilogarithmic plot of corneal dexamethasone con- 
centration-time curves for four different treatment regimens. Mean con- 
centrations and SEM error bars are plotted for each treatment interval. 


Fig 2.—Top right, Semilogarithmic plot of aqueous dexamethasone 
concentration-time curves for four different treatment regimens. Mean 


Iris Dexamethasone Concentration, ug/g 


Shield and 
Hourly Drops 


°—° Hourly Drops 
®-- Shield 
©--- Drop 


Hours of Treatment 


Our data for dexamethasone pene- 
tration with application of a single 
drop are comparable with previously 
reported levels measured in the cor- 
nea, aqueous, and iris.*’ To our knowl- 
edge, this is the first report of data on 
the vitreous penetration of dexa- 
methasone (dexamethasone alcohol). 
Vitreous levels achieved after topical 
administration of dexamethasone are 
comparable with those previously re- 
ported for a dexamethasone deriva- 
tive, dexamethasone sodium phos- 





val. 


concentrations and SEM error bars are plotted for each treatment inter- 


Fig 3.—Left, Semilogarithmic plot of iris dexamethasone concentration- 
time curves for four different treatment regimens. Mean concentrations 


and SEM error bars are plotted for each treatment interval. 


phate.” Our findings agree with previ- 
ous studies that have demonstrated 
that collagen shields can significantly 
enhance drug delivery to the cornea 
and aqueous.*’ Based on this study of 
dexamethasone penetration, it ap- 
pears that collagen shields can also in- 
crease drug delivery to the iris and 
vitreous. 

We did not compare the delivery 
provided by presoaked collagen shields 
with that of subconjunctival injec- 
tions. However, Unterman and 
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associates‘ found that a collagen shield 
presoaked in 40 mg/mL of tobramycin 
produced equivalent or somewhat 
higher cornea and aqueous levels over 
8 hours compared with a subconjunc- 
tival injection of 20 mg of tobramycin. 

The concept of a transcorneal drug 
delivery system utilizing a drug- 
binding contact lens ør precorneal bi- 
ological film is not new. Bloomfield and 
coworkers" studied an experimentally 
produced succinylated oval collagen 
wafer as a possible drug delivery vehi- 
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0.1 
120 


BE Single Drop 

B Hourly Draps 
BB Shielc Alone 
Shield and Drops 


100 


80 


0.01 


60 


40 


Vitreous Dexamethasone Concentration, ug/g 


e—e Shield and Hourly Drops 
am O—© Hourly Drops 

®--® Shield 

O—--O Drop 20 


6-Hour Cumulative Dexamethasone Delivery, (ug/g)xh 
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Cornea Aqueous lris Vitreous 


Fig 5.—Comparison of 6-hour cumulative dexamethasone delivery 
(area under the curve) to cornea, aqueous, ins, and vitreous with four 
treatment regimens. 


Hours of Treatment 
Fig 4.—Semilogarithmic plot of vitreous dexamethasone concentration- 
time curves for four different treatment regimens. Mean concentrations 
and SEM error bars are plotted for each treatment interval. 


Table 4.—Collagen Shield 
Enhancement of Net Cumulative 
Dexamethasone Delivery From 
Supplementa! Drops * 


Table 3.—Cumulative Dexamethasone Tissue Delivery* of Four Different Treatment 
Regimens 


Experiment 2 
peee 


Experiment 1 
C 


Tissue Single Drop 





Shield Alone 


Shield + 


Hourly Drops Hourly Drops 


* Area under the mean concentration-time curve as calculated by the trapezoidal rule. Values are 
micrograms X hours per gram of tissue or micrograms X hours per milliliter of aqueous. 

tPwalue for paired two-tailed tł test comparing 6-hour cumulative delivery with shield alone vs single drop. 

+P value for unpaired two-tailed t test comparing 6-hour cumulative delivery with shield alone vs hourly 
drops. 

§P value for paired two-tailed ¢ test comparing 6-hour cumulative delivery with shield plus hourly drops vs 
hourly drops. 


cle for gentamicin.” Hydrophilic soft 
contact lenses have been utilized ex- 
perimentally to deliver a variety of 
drugs, including corticosteroids.” Col- 
lagen shields may have advantages 
over soft contact lenses as a drug 
delivery device. Collagen shield deliv- 
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ery has been found to be superior to 
contact lens delivery for the delivery of 
tobramycin. Unlike contact lenses, 
collagen shields require no fitting be- 
cause they rapidly conform to the 
shape of the cornea after placement. 
Their property of  self-dissolution 





Without 
Shieldt 


Cornea 27.99 35.37 
Aqueous 3.36 4.09 
Iris 3.64 5.38 
0.037 0.092 


* Units of measure are as in Table 3. 

tSix-hour cumulativesdelivery for hourly drops mi- 
nus 6-hour cumulative @elivery for single drop. 

¢Six-hour cumulative delivery for shield plus hourly 
drops minus 6-hour cumulative delivery for shield 
alone. 

§Unpaired two-tailed Student's t test. 


With 


Tissue Shieldt P§ 


Vitreous 


within 12 to 72 hours is potentially de- 
sirable in clinical settings in which 
only a brief period of high-dose drug 
delivery is required. Asis the case with 
hydrophilic contact lenses, collagen 
shields absorb and release drug rap- 
idly and thus differ from sustained-re- 
lease membrane-controlled diffu- 
sional vehicles, such as the Ocusert 
(Alza Corporation, Palo Alto, Calif)." 

A major factor governing the pene- 
tration of topically applied drops is 
drug bioavailability in the precorneal 
layer." Rapid clearance of an instilled 
drop from the tear film results in rel- 
atively poor drug availability.'® A col- 
lagen shield may act as a precorneal 
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drug reservoir, which increases the 
amount of drug retained in the pre- 
corneal film and prolongs drug contact 
with the corneal surface, thereby en- 
hancing transcorneal drug delivery. 
Several caveats should be noted in 
the interpretation of these results. 
First, rabbits were kept lightly se- 
dated with their eyes taped shut dur- 
ing treatment to keep the shields from 
being ejected. The effects of anesthesia 
and suppression of blinking could have 
affected drug release from the shields 
by slowing tear turnover’ and by in- 
hibiting any blink-induced drug re- 
lease from the shield. Second, caution 
should be observed in directly extrap- 
olating results from these rabbit ex- 
periments to human clinical settings. 
Dexamethasone alcohol penetration 
has been reported to be higher in the 
rabbit eye than in the human eye, pos- 
sibly owing to the rabbit’s thinner 
cornea and sclera.” Dexamethasone 
tissue levels are therefore not directly 
comparable in rabbits and in humans. 
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However, it is reasonable to predict 
that relative differences in ocular pen- 
etration produced by the various treat- 
ments would also be observed in hu- 
man eyes. 

These experimental results suggest 
that collagen shields may be a useful 
short-term therapeutic adjunct for 
maximizing the ocular delivery of top- 
ical dexamethasone. Collagen shields 
may also be useful in decreasing the 
required frequency of drop applica- 
tion. Because of the short life span of 
collagen shields, their utility as a drug 
delivery device is probably greatest in 
situations in which high, sustained 
delivery is required for only a rela- 
tively brief period. In these clinical 
settings, the use of a presoaked colla- 
gen shield may be a less-invasive and 
better-tolerated alternative to a sub- 
conjunctival injection of a short- 
acting steroid such as dexamethasone 
sodium phosphate. Examples of set- 
tings in which dexamethasone-soaked 
shields might be useful include the pe- 
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rioperative and immediate postopera- 
tive period (eg, after penetrating kera- 
toplasty or filtering surgery) as well as 
the initial treatment of severe or rap- 
idly progressive ocular inflammation 
(eg, acute corneal graft rejection). An- 
other potential application for colla- 
gen shield-assisted delivery is short- 
term therapy in patients for whom 
frequent instillation of topical steroids 
is difficult, such as the pediatric pa- 
tient and the poorly compliant patient. 
Further study of the efficacy and 
safety of corticosteroid-soaked colla- 
gen shields in these and other clinical 
settings is warranted. 
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Avoiding Inferior Oblique Injury During 
Lower Blepharoplasty b 





Figure 1 





Figure 2 
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ost complications in lower blepharoplasty can be pre- 

vented if the surgeon has a thorough knowledge of the 
anatomy and physiology of the lower eyelid (Fig 1) and an- 
terior orbit, is meticulous in terms of surgical technique, 
and provides appropriate preoperative and postoperative 
management.'? 

One complication rarely mentioned is injury to the infe- 
rior oblique muscle, which is liable to injury during ble- 
pharoplasty since it straddles the medial and middle fat 
pad compartments of the lower eyelid.’ The patient with an 
injured inferior oblique muscle may complain of diplopia in 
the postoperative period. The diplopia as seen by the patient 
is a combined vertical and torsional set of images.* The pa- 


“w tient may find that a chin-up or head-tilt position will al- 


leviate the diplopia. If the inferior oblique muscle has been 
parially cauterized or stretched, the symptoms generally 
resolve over 1 to 2 months. However, permanent dysfunc- 


Fig 1.—Anatomy of lower-eyelid retractors. T indicates tarsus; F, 
fornix; TC, Tenon’s capsule; ITM, inferior tarsal muscle; CPH, capsulo- 
palpebral head; IR, inferior rectus; O, orbicularis oculi muscle; CPF, 
capsulopalpebral fascia; L, Lockwood's ligament; IO, inferior oblique 
muscle; and SO, septum orbitale (adapted from Hawes and Dortz- 
bach*). 


Fig 2.—Left, Preoperative photograph illustrating profound fat hernia- 
tion into lower eyelids. Top right, During the left lower blepharoplasty, 
the fat is teased out of its capsule (upper arrow). Beneath the fat is 
seen the medial aspect of inferior oblique muscle (lower left arrow) and 
the lower-eyelid retractors (lower right arrow). Bottom right, Location of 
inferior oblique muscle (arrow) is apparent following fat removal. 
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tion with diplopia is possible when the inferior oblique 
muscle is injured. 

When fat is being removed during lewer blepharoplasty, 
the fat capsule is opened and the fat is gently teased out. The 
fat is then generally clamped and cut, and the resulting 
stump is cauterized. Posterior to the fat pads are the low- 
er-eyelid retractors (capsulopalpebra! fascia and inferior 
tarsal muscle), as well as the inferior oblique muscle (Fig 
2). These structures may be easily damaged during the 
course of fat excision if the surgeon is not aware of their 
exact anatomical location. As a result, cutting, clamping, or 
cauterizing the inferior oblique muscle may cause the 
patient undergoing blepharoplasty to have diplopia. 

DaviD R. JORDAN, MD 
RICHARD L. ANDERSON, MD 
STEVEN M. THIESE 

Salt Lake-City, Utah 
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Surgical Techniques 


Managing Posterior Pressure During 


Pseudophakic Keratoplasty 


David L. McCartney, MD; John D. Gottsch, MD; Walter J. Stark, MD 


è Positive vitreous pressure during 
penetrating keratoplasty can be difficult 
to manage. Despite preventive measures, 
positive vitreous pressure may occur and 
appropriate intervention is necessary to 
prevent serious complications. We de- 
scribe a technique that may be used 
intraoperatively to restore a formed ante- 
rior segment and to prevent vitreous loss 
when persistent positive vitreous pres- 
sure occurs, while attempting to implant 
a pseudophakos. A 27-gauge needle, 
passed across the anterior chamber from 
limbus to limbus, just anterior to the iris, 
will stabilize the pseudophakos, restore 
the anterior chamber depth, and allow 
donor-tissue suturing. 

(Arch Ophthalmol. 
1386) 


1989; 107:1384- 


Prevention is the best management 

of positive vitreous pressure during 
intraocular surgery. Pharmacologic 
and mechanical means may be used 
preoperatively or intraoperatively to 
reduce vitreous pressure. Despite 
appropriate preventive measures, the 
ophthalmic surgeon will still occa- 
sionally have to manage positive pres- 
sure during surgery. Rapid wound clo- 
sure, reassessment, and viscoelastic 
substance use are usually effective in 
the management of intraoperative 
posterior pressure during most ante- 
rior segment procedures. Unfortu- 
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nately, during penetrating kerato- 
plasty, the wound is more difficult to 
close rapidly and other techniques to 
manage positive posterior pressure 
may be useful. We report a technique 
for managing positive posterior pres- 
sure during keratoplasty combined 
with extracapsular cataract extrac- 
tion and posterior chamber lens 
implantation. Using this technique, 
we have successfully avoided the com- 
plications that may occur with posi- 
tive posterior pressure and were able 
to implant a posterior chamber lens. 

Positive pressure during kerato- 
plasty is usually recognized after 
recipient trephination. If the kerato- 
plasty is to be combined with extra- 
capsular cataract extraction and 
intraocular lens implantation, posi- 
tive pressure may present as autoex- 
pression of the nucleus during the 
capsulotomy, or as a bulging posterior 
capsule after nucleus removal. When 
positive pressure is noted, the situa- 
tion should be rapidly reassessed. 
Simultaneous preparation for a secure 
wound closure by obtaining suture 
material with a high tensile strength 
(ie, 9-0 silk) may be appropriate. If 
the situation is progressive or if vitre- 
ous rapidly presents, it is most likely 
due to a choroidal effusion, choroidal 
hemorrhage, or a retrobulbar hemor- 
rhage and should be managed by a 
rapid and secure closure of the wound. 
If this cannot be accomplished quick- 
ly, digital ocular tamponade may be 
useful.! When stabilization of the pos- 
itive pressure is achieved, a search for 
mechanical factors contributing to 
increased intraocular pressure should 
be performed. The speculum, the 
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scleral support ring, and the patient’s 
head position are inspected and 
adjusted, if necessary. The eyelids are 
examined and a lateral canthotomy is 
performed, if necessary. Mannitol 
(1.0 to 1.5 g/kg) can be infused; how- 
ever, its onset of action is 20 to 30 
minutes. 

If the above measures have failed, 


vitreous aspiration through the pars s” 


plana can be performed. After a mid- 
quadrant Ziegler Knife puncture is 
placed 3 mm posterior to the limbus, a 
22-gauge needle is placed in the vitre- 
ous cavity with the tip visible through 
the microscope in the anterior vitre- 
ous. Sufficient volume may be aspi- 
rated to relieve the positive posterior 
pressure. If these measures fail to 
adequately relieve the positive poste- 
rior pressure, the “limbal skewer” 
technique may be considered. 


TECHNIQUE 


The limbal skewer requires the presence 
or implantation of a pseudophakos. If the ~ 
keratoplasty surgery includes planned 
extracapsular cataract extraction and pos- 
terior chamber lens implantation, cortical 
cleanup must be performed in the face of a 
bulging posterior capsule. This requires 
delicate irrigation/aspiration and is more 
likely to be incomplete. We find a manual 
system to be particularly valuable in this 
instance. If we are using an automated 
irrigation/aspiration system, the irriga- 
tion line is clamped to avoid possible irri- 
gation fluid flushing through the zonular 
complex and adding to the posterior posi- 
tive pressure. Necessary irrigation can be 
added to the surgical field from a hand- 
held 15-mL container. The surgeon grasps 
the implant with the intraocular lens for- 
ceps and places one haptic and the periph- 
eral optic in the posterior chamber (Fig 1). 


Pseudophakic Keratoplasty—McCartney et al 






= - 
owt 3 x il == 





Fig 2.—Cellulose sponge may be used to appty gentle posterior 
pressure while second haptic is “elbowed” into posterior chamber. 


Fig 1.—Intraocuiar lens haptic and optic are carefully placed in oblique 
plane against bulgingsposterior capsule. 
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Fig 4.—When translimbal fixation needle is in place, posterior pressure 
can be gently removed while assessing intraocular lens stability and 
centration. 


’ Fig 3.—Fixation needle is placed through limbus just anterior to iris 
plane, while maintaining gentle posterior pressure on intraocular lens. 
For maximum stability, meridian of needle placement should be 90° to 


meridian of intraocular lens haptics. 


The plane of the implant is then rotated to 
more closely approximate the iris plane. 
This movement begins to push the posteri- 
or capsule posteriorly. The assistant now 
maintains gentle pressure on the anterior 
surface of the implant, while the surgeon 
releases the intraocular lens forceps. The 
surgeon grasps the remaining haptic with 
one hand and, with the other hand, main- 
tains a gentle posterior pressure on the 
optic of the intraocular lens, thus relieving 


~ the assistant (Fig 2). The surgeon then 


places the second haptic into the posterior 
chamber while maintaining posterior pres- 
sure on the optic. Pressure must be contin- 
ually maintained on the optic or the 
implant may be forced anteriorly out of the 
posterior chamber. The implant should not 
be rotated unless it is not adequately cen- 
tered or one of the haptics has tucked the 
iris. 

While the surgeen continues to stabilize 
the implant, a 2.54-cm 27-gauge disposable 
needle is passed through the limbus just 
anterior to the imis. The needle is then 
directed across the anterior chamber ante- 
rior to the iris and pseudophakos and 
through the opposite limbus (Fig 3). The 
assistant may need to stabilize the periph- 
eral corneal and limbal tissue with a for- 
ceps during this maneuver. The needle 
(limbal skewer) should be placed 90° away 
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from the axis formed by the haptics of the 
intraocular lens (Fig 4). If the needle is 
placed parallel to the axis of the haptics, 
the lens may tilt suddenly, possibly break- 
ing the capsule and leading to vitreous loss 
or damaging the endothelium of the donor 
tissue. If the needle is placed perpendicular 
to the axis of the haptics, four-point fixa- 
tion of the intraocular lens optic is 
achieved. 

The needle can also be used in the pres- 
ence of positive posterior pressure if a 
pseudophakos is already present in the eye. 
In this case, gentle posterior pressure on 
the previously implanted pseudophakos 
will allow placement of the 27-gauge nee- 
dle across the anterior chamber, just ante- 
rior to the pseudophakos. Hyaluronate 
sodium is then placed in the anterior 
chamber and the donor tissue is sutured in 
the usual fashion. Once a watertight 
wound is achieved, the needle can be 
removed easily. Care should be taken to 
perform this maneuver with a deep cham- 
ber to prevent any traction on the iris or 
pseudophakos. 


RESULTS 
We have employed this technique in 
four patients during the last two 
years. In each patient, the positive 
posterior pressure that occurred dur- 
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ing keratoplasty was inadequately 
responsive to standard preventive and 
therapeutic measures. Without this 
technique, we would have had difficul- 
ty implanting an intraocular lens 
and/or successfully protecting the 
donor endothelium. Visual acuity 
recovery and postoperative inflamma- 
tion paralleled uncomplicated corneal 
transplantation surgery. There were 
no primary graft failures, no evidence 
of endothelial treuma, and no periph- 
eral anterior synechiae. No patient 
experienced glaucoma or epithelial 
ingrowth. 


COMMENT 


Positive posterior pressure during 
keratoplasty can contribute to several 
potentially serious complications. Vit- 
reous loss, peripheral anterior syne- 
chiae, and excessive donor endothelial 
trauma may result and can limit post- 
operative success. If positive posterior 
pressure occurs im the setting of com- 
bined keratoplasty and extracapsular 
cataract extraction, cortical cleanup 
may become dificult and posterior 
capsule rupture and vitreous loss are 
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much more likely. If the cortex can be 
adequately cleaned, lens implantation 
still may be abandoned for fear of 
capsular or endothelial trauma. 

Clearly, preventive measures are 
important. Careful patient position- 
ing (to avoid even a slight Trendelen- 
burg position), lid speculum selection, 
and speculum positioning can help to 
lower intraocular pressure. Occasion- 
ally, a lateral canthotomy may be 
necessary. The use of osmotic agents 
can be beneficial, although not imme- 
diately. 

Scleral supportive devices can 
reduce scleral collapse and are partic- 
ularly useful when the eye is or will be 
aphakic at any time during the proce- 
dure. Some corneal surgeons recom- 
mend the use of a scleral supportive 
device for all keratoplasty procedures 
and a few use these devices even in 
highly myopic patients who are 
undergoing cataract extraction.” Vit- 
reous aspiration may be performed 
preoperatively or intraoperatively 
when positive posterior pressure is 
suspected or encountered. We have 
reserved vitreous aspiration as an 


intraoperative technique to be used 
only when other methods fail. Howev- 
er, others have used this technique 
more routinely in aphakic eyes prior 
to recipient trephination.* 

The limbal skewer technique is a 
relatively safe way to successfully 
manage positive posterior pressure 
not responsive to conventional tech- 
niques. It may, in fact, be significantly 
safer than vitreous aspiration. To date, 
we have used this technique only when 
vitreous aspiration has failed. We now 
believe the limbal skewer technique 
may be a safer alternative than intra- 
operative vitreous aspiration. 

Simcoe** reported the use of retain- 
ing sutures and wire stylettes from 
pediatric spinal catheters to stabilize 
iris plane lenses during keratoplasty. 
The basic concept is that the anterior 
chamber is mechanically returned to a 
relatively normal architecture by 
transcorneal or translimbal fixation. 
The pseudophakos is also stabilized by 
this maneuver, and the end result is a 
sufficiently normal anterior chamber 
anatomy that allows suturing of the 
donor corneal button without exces- 
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sive endothelial trauma. The use of a 
27-gauge needle makes this technique 
readily available in virtually any oph- 
thalmic operating room. We found the 
27-gauge needle to supply the corrects 
amount of rigidity without the signif- 
icant bulk of a larger needle, and the 
needle track is self-sealing. 
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National Institutes of Health (Bethesda, Md) 
core grant EY-01765 (Drs Gottsch and Stark). 
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New Instrument 


A Caliper-Hook for Strabismus Surgery 


Robert W. Lingua, MD, William Lee 


@ An instrument to assist in resection 
surgery consists of a telescoping hook 
within a second hook that can be spread a 
calibrated distance. Its primary purpose is 
to maintain a constant tension and an ac- 
curate measure of tendon length during 
suture passage. Additionally, the grooved 
distal hook supports the needle and pro- 
tects the globe from needle trauma. 

(Arch Ophthalmol. 1989; 107:1387) 


any techniques have been de- 

scribed for the resection proce- 
dure. Some advocate the use of a ten- 
don clamp prior to suture placement,’ 
while others measure and secure the 
suture prior to clamping.** For sur- 
geons preferring the latter approach, 
we have attempted to minimize the 
variability in resection amount that 
can result from a nonparallel position 
of the hooks suspending the tendon or 
variable tensien on the hooks leading 
to nonequidistant suture locks on each 
side of the tendon. 


DESCRIPTION OF THE DEVICE 


An apparatus was devised of tele- 
scoping elliptical stainless steel tubing 
(Fig 1). The arms are bent 90° in line 
with the fixed points of the ellipse. A 
flared tip is provided on the proximal 
hoek to engage the insertion. The arms 
may be straight (Fig 2) or curved to 
conform to the curvature of the globe 
(Fig 1). The proximal hook can accom- 
modate thedistal hook when collapsed. 
A dia! is incorporated into the handle. 
Fixed to a lead screw, each revolution 
of the dial provides a 0.5-mm separa- 
tion of the hooks. The distance is cal- 
ibrated from the center of the proxi- 
mal hook te the center of the groove on 
the distal hook. The needle groove on 
the distal hook is 0.4 mm wide. The 
hooks are eapable of a 0.0- to 16.0-mm 
spread. 
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Fig 1.—The caliper-hook, opened to demonstrate distal groove. 
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Fig 2.—The caliper-hook in place guiding su- 
ture placement during a resection. 


TECHNIQUE 


The isolation of the distal myotendinous 
insertion and dissection of the intermuscu- 
lar fascia proceeds with a standard muscle 
hook of the surgeon’s preference. At the 
time of intended suture placement, the cal- 
iper hook is exchanged for the one first used. 
The eye can be held toward the surgeon, 
obviating stay sutures. The micrometer dial 
is turned clockwise (0.5 mm = one complete 
rotation), spreading the hooks until the de- 
sired amount has been reached. The instru- 
ment is calibrated to represent the distance 
from the center of the proximal hook to the 
center of the groove of the distal hook. Be- 
cause of the distance from the insertion to 
the center of the proximal hook, we have 
routinely omitted the final revolution (0.5 
mm) to avoid overresection. For example, a 
5.0-mm resection would require nine com- 
plete revolutions of the dial. This procedure 
is required with the prototype in use; how- 
ever, should the device become commer- 
cially available, this step can be obviated by 
an enhanced design. With the tendon so 
suspended, a single- or double-suture tech- 
nique may proceed (Fig 2). 

Clear visibility of the muscle thickness 
allows weaving of the suture through and 
through while the groove supports the nee- 
dle at the end of the tendon. This device is 


useful during instruction of the technique 
as it also adds a measure of protection to the 
globe from needle trauma. Furthermore, 
the grooved posterior hook supports the 
needle during passage for easy identifica- 
tion by the inexperieneed surgeon. 

After securing tne suture to the tendon 
and locking at eachedge, the caliper-hook is 
opened an additional 1.0 mm to accommo- 
date placement of the Hartman mosquito 
clamp (or other elamp of the surgeon’s 
choice) ahead of the suture. The caliper- 
hook is collapsed and removed. Although 
the tendon may be crushed and cut, I prefer 
to leave the mosquito clamp in place and 
resect the tendon ahead of the clamp to as- 
sist in hemostasis. After the scleral needle 
passes have been performed, the clamp is 
released and the tenden is drawn forward. 

With the distal hook alone or the col- 
lapsed position of both hooks, the instru- 
ment may also be used to assist in suture 
placement at the insertion for resections if 
1 to 1.5 mm of residual tendon at the orig- 
inal insertion is aeceptable to the surgeon. 
In cases of restrictive myopathy, I have 
found the distal hook an assistance to blunt 
exposure posteriorly, while tracting the 
globe forward with the proximal hook. 


The authors have mo commercial or proprietary 
interest in the device andit is not as yet commer- 
cially available. 


References 


1. Reinecke RD. Extraocular muscles. In: 
Spaeth GL. Ophthalmic Surgery. Philadelphia, 
Pa: WB Saunders Co; 1982:686-689. 

2. Hoyt CS. Graded resection of the rectus 
muscles. In: Waltman SR, Keates RH, Hoyt CS, 
Freuh BR, Herschler J, Carroll DM. Surgery of the 
Eye. New York, NÈ Churchill Livingstone Ine; 
1988;777-782. 

3. Helveston EM. Horizontal rectus resection. 
In: Atlas of Strabismus Surgery. St Louis, Mo: CV 
Mosby Co; 1985:142-159. 

4. Parks MM. Resection. In: Atlas of Strabismus 
Surgery. New York, NY: Harper & Row Publish- 
ers Inc; 1983:116-131. 

5. Calhoun JH, Nelson LB, Harley RD. Rectus 
muscle resection. In: Atlas of Pediatric Oph- 
thalmic Surgery. PHiladelphia, Pa: WB Saunders 
Co; 1987:75-108. 


Caliper-Hook—Lingua & Lee 1387 


New SofBlue’VisibilityTint < 





' 
uh? ae 
a 
te 2 7 
- : 
<7 ra 
nae" 
Bae 
Bee 
S 
EER 
(poset 
a 


fee 


Rag 


nl 
2 ye 


oe ear ae, ae 
D-E Lo tee Ao 
= 


¥ 


UeAline tics 


PJ ERA 





We've combined the easy-to-fit appeal 
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Continuing Education for Ophthalmologists 


This Est of continuing education opportunities for ophthalmologists is published 
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This program is designed to enhance and review clinical knowledge in ophthalmology by providing a 
three-day symposia. Approximately 50 national and international speakers will review and present new 
advances in their areas of clinical expertise. Registration fee includes all lectures, course materials, 
coffee breaks and reception. Special rates have been obtained at the Hyatt Regency-Grand Cypress 


Hotel. 


The University of Miami School of Medicine designates this continuing medical education activity for 
twenty (20) credit hours in Category 1 of the Physician's Recognition Award of the American Medical 


Association. 
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ance, & Medicare Reanbursement At: Panama 
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ILLINOIS 


Ophthalmol for the 90s At=Chicago Dates: 9/22/ 
89 to 9/23/89 Reg Fee: $300 Contact: Conf 
Registrar, UIC Conf & Inst, M/C 607, Box 6998, 
Chicago, IL 60612; (=12)$96-5225 


KEP TUCKY 
Clinical Advances for the Practicing Ophthalmol- 
ogist At: Louisville Dates: 9/15/89 to 9/16/89 
Contact: Jennifer Sarp, Ctr for Adv Eye Surg, 


(Cantinued on p 1391.) 













































1389 


THE INSTITUTE FOR CONTINUING MEDICAL EDUCATION OF THE NEW YORK EYE AND EAR INFIRMARY PRESENTS 


CORNEA AND EXTERNAL DISEASE 1990: A PREVIEW 
DECEMBER 1 & 2, 1989, HOTEL INTERCONTINENTAL, NEW YORK, N.Y. 





Mark Speaker, M.D., Ph.D., Course Director ° Jorge Buxton, M.D., Director, Cornea Service | 
GUEST FACULTY NEW YORK EYE & EAR FACULTY 
Jules Baum, M.D. James Jester, Ph.D. Douglas Buxton, M.D. Henry Perry, M.D. 
Elisabeth Cohen, M.D. Herbert Kaufman, M.D. Jorge Buxton, M.D. John Seedor, M.D. 
Sandy Feldman, M.D. Peter Laibson, M.D. Robert Cykiert, M.D. Mark Speaker, M.D. 
Roger Steinert, M.D. Casimir Swinger, M.D. 
TOPICS 
CORNEA EXTERNAL DISEASE REFRACTIVE SURGERY 

e Corneal Transplants ¢ Contact Lens e Herpes Simplex and Zoster ¢ AIDS e Postoperative Astigmatism ¢ Excimer 
Complications + IOL Complications and Chlamydia ¢ New Drugs and Laser @ Epikeratophakia vs IOL's 

: | e Dystrophies è Thinning and i Delivery Systems e Intrastromal Implants ¢ Refractive 


ii Perforations * Keratoconus ¢ Dry Eye h OCULARIMAGING _ Thermokeratoplasty ¢ Radial Keratotomy 


| 

! 
| > $. \ 3 ; “40 
| Syndrome. gi A e Specular Microscopy * Corneal A fxr Keratomileusis 


= 
— 
— 


| 
| 
| 











a 
p 
cl ke AES rY « > Eee =) |! i| 
| | ! m kae fal n # Topography * Confocal Microscopy =| | 42 
‘| ae, yd fy ur yo gil “| fs io = | hn. O AT . 
ith fie fect Boe Ral L Rall e tila, aie 
eh ee al or il | || ls TEH ietis | | RRETA ACTIVITIES E EEE íl Wes ind ee Bed HE Pee f| 


e Spouse's program with shopping tour è Holiday events in New York: Theatre, Arts, Museums, Shopping ¢ Welcoming reception 


REGISTRATION 
° Fee $250 © Residents and Fellows $75 è Contact: Mrs. Sylvia Sorrentino, Institute for Continuing Medical Education 
The New York Eye and Ear Infirmary, 310 East 14th Street, New York, NY 10003, (212) 598-1430 
The Institute for Continuing Medical Education of The New York Eye and Ear Infirmary designates this continuing 


medical educational activity for 12 credit hours in Category 1 of the Physician’s Recognition Award of the AMA. 
The New York Eye and Ear Infirmary is a teaching affiliate of the New York Medical College. 





DN Wills Eye Hospital 


announces 


The Advanced Vitrectomy Course: 
Vitreous Substitutes, Drugs and Technique 
October 20-21, 1989 







Jay L. Federman, M.D., Program Chairman 
Guest Speakers: Mark Blumenkranz, M.D. 
Royal Oak, Michigan 


Stanley Chang, M.D. 
New York, New York 







Relja Zivojnovic, M.D. 
Rotterdam, Holland 






This course will teach advanced techniques of vitreoretinal surgery concentrating on the use of vitreous 
substitutes such as silicone oil, the perfluorocarbons, SF6 and various intravitreal drugs. This is a two day 
course with lectures and video tapes concentrating on these techniques with round table discussions. 











AMA-CME 14 Credit Hours Further Information: 

(Category I) Wills Eye Hospital 
Department of Continuing Medical Education 
9th & Walnut Streets 

Philadelphia, PA 19107 

(215) 928-3378 








(Continued fram p 1389.) 
Humana Hosp, Lexington, 150 N Eagle Creek 
Dr, Lexington, KY 40509; (606 )268-3754 


‘LOUISIANA 


~ Twentieth Ann Meet Am Soc of Ophthalmic Plas- 





tic & Reconstructive Surg At: New Orleans 
Date: 10/28/88 Centact: Ralph E. Wesley, MD, 
250 25th Ave N, Suite 216, Nashville, TN 37203; 
(615)329-3624 


MARYLAND 


Current Concepts in Ophthalmology At: Balti- 
more Date: 9/15/89 Contact: Prgm of CME, 655 
W. Baltimore St, Baltimore, MD 21202; 
(301)328-3956 


Second Internat! Symp on Ocular Circulation & 
Neovascularization At: Baltimore Dates: 9/25/ 
89 to 9/28/89 Reg Fee: $425 ($300, in training) 
Contact: Off ef CME, The Johns Hopkins Med 
Inst, Turner Bldg, 720 Rutland Ave, Baltimore, 
MD; (301)955-2959 


Management of Complicated Retinal Detach- 
ments At: Baltimore Dates: 10/6/89 to 10/7/89 
Contact: The Retinal Center at St Joseph Hos- 
pital, Box 20,000, Baltimore, MD 21284-0000; 
(301 )337-4500 


MASSACHUSETTS 


Current Concepts in Neuroradiology, Head & 
Neck Radiology, & Neuro-MRI At: Boston 
Dates: 9/18/89 to 9/22/89 Hrs Instr: 40 Reg Fee: 
$590 (combined course); $450 (in training) Con- 
tact: Paula DeLong, Postgrade Educ Coord, 
Mass Gen Hesp, Boston, MA 02114; (617)726- 


MINNESOTA 


Behcet's Dis Internat! Conf At: Rochester Dates: 
9/14/89 to 9/15/89 Contact: William Nietz, 
CME, Mayo Clinic, Rochester, MN 55905; 
(507)284-2085 


MICHIGAN 


Twenty-First Ann Summer Conf Michigan Oph- 
thalmological Soc At: Mackinac Island Dates: 
8/10/89 to 8/13/89 Hrs Instr: 8 Contact: Chris- 
tine A. Jourdain, 412 Eastland Prof Bldg, 
Harper Woods, MI 48225 


NEW YORK 


Glover Lisman Professorship At: New York 
Dates: 10/5/89 to 10/7/89 Guest Prof: George 
O. Waring, MD Contact: Francine Leinhardt, 
Course Coord, Manhattan Eye, Ear & Throat 
Hosp, 210 E 64 St, New York, NY 10021; 
(212)838-9200, ext 2776 


New York Soc for Clinical Ophthalmol Fall Mtg At: 
New York Date: 11/8/89 Contact: Francine 
Leinhardt, Course Coord, Manhattan Eye, Ear 
& Throat Hosp, 210 E 64 St, New York, NY 
10021; (212)838-9200, ext 2776 


OHIO 


Fourth Ann Tilles-Weidenthal Lecture At: Cleve- 
land Date: 9/23/89 Hrs Instr: 3 Contact: Daniel 
T. Weidenthal, MD, Div of Ophthalmol, Saint 
Luke’s Hospital, 11311 Shaker Blvd, Cleveland, 
OH 44104; (216)368-7146 


Ninth Ann Ophthalmol Conf At: Columbus Date: 
9/15/89 Contact: Grant Med Ctr, Attn: Violet 



































































































DECEMBER 27, 28, 29, 1989 


FLORIDA WINTER WORKSHOP 
EIGHTH ANNUAL MEETING 
will be held at the 
DIPLOMAT RESORT HOTEL 


McDonough, Conf Ceord, 111 S Grant Ave, Co- 
lumbus, Ohio 43215; (614/461-3096 


PENNSYLVANIA 


The Advanced Vitrectomy Course: Vitreous Sub- 
stitutes, Drugs & Techniques At: Philadelphia 
Dates: 10/20/89 to 10/2189 Hrs Instr: 14 Con- 
tact: Wills Eye Hospital, Dept of CME, 9th & 
Walnut Streets, Philadelphia, PA 19107; 
(215)928-3378 


WEST VIRGINIA 


Outpatient Ophthalmology 1990: How to Deliver 
Quality Care & Maintain Financial Viability At: 
White Sulphur Spriags Dates: 10/ 13/89 to 10/ 
14/89 Contact: Office of CME, Georgetown 


University Medical Center, 3800 Reservoir Rd 
NW, Washington, DC 20007 


Current Concepts in Ophthalmic Plastic Surgery: 
Symp & Prac Course At: Madison Dates: 10/6/ 
89 to 10/7/89 Hrs Instr: 10 Sponsor: Dept of 
Ophthalmol & CME, Univ of Wisconsin Med 
Sch Contact: Cathy Means, CME, 2715 Mar- 
shall Ct, Madison, WI 53705; (608)263-6637 


FOREIGN 


Nineteenth European Cong of Contactology At: 
Istanbul, Turkey Dates: 9/28/89 to 10/1/89 
Contact: Prof. Dr H. Kandemir, Bagdat Cad 
296/12, Erenkoy 81060, Istanbul, Turkey; 
(901)356 67 09 


internat! Symp on Tumors of the Eye At: Essen, 
W Germany Dates: 9/20/89 to 9/23/89 Contact: 
Off of Univ Eye Hosp, Hufelandstrasse 55, D 
4300 Essen 1, West Germany 









3515 South Ocean Drive, Hollywood Florida 33019 USA 


THEMES 


Cataract and Implant Surgery / Innovations 


in Contact Lenses 


Keratorefractive Surgery / Oculo Plastic Surgery 


~~ a ee 


FACULTY 


Dr. C. Bechert, Fort Lauderdale 
Dr. Harold Sawelson, Miami 


Dr. Charles Kelman, New York 
Dr. Leeds Katzen, Baltimore 


(305) 457-8111 


Nurses 
Students 


——_—_— e eee 
eee 


Dr. Robert Weish, Miami Dr. J.S. Pannu, Fort Lauderdale 
Dr. J. P. Demers, Montreal Dr. M. Patipa, W. Palm Beach 
Dr. Miles Galin, New York Dr. Ellis Gruber, Rochester 

Dr. Marvin Kwitko, Montreal Dr. K. Buzard, Las Vegas 

Dr. Lewis Dan, Miami Dr. D. Praeger, New York 

Dr. J. P. Chartrand, Montreal Dr. James Hayes, Atlanta 

Dr. R. Rashid, Charleston Dr. Penny Asbell, New York 
Dr. H. Hirschman, Los Angeles Dr. F. Weinstock, Canton 


a 


SPECIAL PROGRAMS 


— Extracapsular and phacoemulsification live demonstration at local hospitals 
— Endocapsular / Implant Wet Lab — Instruments provided 

— Canadian Medicare System — discussion by Canadian authorities 

— Registered:participants are invited to present papers on the themes of the 


meeting 


Ophthalmologists 

After December 1, 1988 

Senior Ophthalmologists (over 65 yrs.) 
Endocapsular / Implant Wet Laboratory 
Canadian Medicare Session 


Residents (With letter from Chief of Service) 





Fees 
$250.00 
$300.00 
$150.00 
$500.00 
N/C 
$75.00 
$25.00 
$75.00 


Assume confirmation with your caneelled check. 
Official receipt will be issued at meeting. 


SYMPOSIUM REGISTRATION FORM 


Return this form with cheque payable to 
the “Pan American Implant Association” to: 


Dr. M.L. Kwitko, Program Chairman 
5591 Céte des Neiges Road, Suite #1 


Montreal, Canada H3T 1Y8 — Phone: 4-514-735-1133 


Name 


Address 








Specialty 
City 








State Zip or Postal Code 








The Wilmer Institute 
The Johns Hopkins Medical Institutions 


Current Concepts in Ophthalmology 


An Update On Refractive Corneal Surgery (RKs, Excimer Lasers, and Epigrafts), IOLs, Lasers, 
Glaucoma, Strabismus, Retinal Diseases, and Other Recent Developments 






DATES AND LOCATIONS 


BALTIMORE, MARYLAND 
December 7 - 9, 1989 
The Johns Hopkins Medical Institutions 









DORADO, PUERTO RICO 
February 18 - 25, 1990 
Hyatt Regency Cerromar Beach Hotel 










VAIL, COLORADO 
March 10 - 17, 1990 
Manor Vail Lodge 













DORADO, PUERTO RICO 


12th Annual Meeting 
February 18 - 25, 1990 


Course Directors 
Walter J. Stark, M.D. 
Ronald G. Michels, M.D. 


Faculty 

John D. Gottsch, M.D. 
David L. Guyton, M.D. = 
Julia A. Haller, M.D. 
H. Dunbar Hoskins, Jr., M.D. 
Henry D. Jampel, M.D. 

Dan B. Jones, M.D. 

David A. Karcher A 
Neil R. Miller, M.D. wy A 


Stephen A. Obstbaum, M.D. M m 
SS 7 S@ 






















Carol L. Shields, M.D. 
Jerry A. Shields, M.D. 
Others To Be Announced 
Credit: 30 AMA Category | 
Registration Fee: $475, $325 (those in training) 
plus a “Management of Business Assets” 
seminar for spouses 




















2nd Annual Meeting 
December 7 - 9, 1989 


Course Directors 
Walter J. Stark, M.D. 
Ronald G. Michels, M.D. 


Faculty 
Special Guest Lecturer 
Herbert E. Kaufman, M.D. 


Morton F. Goldberg, M.D. 
Stuart L. Fine, M.D. 

W. Richard Green, M.D. 
David L. Guyton, M.D. 

A. Edward Maumenee, M.D. 
Irene H. Maumenee, M.D. 
Neil R. Miller, M.D. 

Arnall Patz, M.D. 

Harry A. Quigley, M.D. 
Alfred Sommer, M.D. 
Robert B. Welch, M.D. 
Other Wilmer Institute Faculty 


The Friday afternoon session will be co-sponsored 
by the Maryland Society of E ye Physicians and 
Surgeons. The guest lecturers will be 

Thomas Frey, M.D. and David A. Karcher. 


Credit: 20 AMA Category | 
Registration Fee: $250, $200 (those in training) 


VAIL, COLORADO 


7th Annual Meeting 
March 10 - 17, 1990 


(Corresponds with spring break for many schools) 


































Course Directors 
Walter J. Stark, M.D. 
Ronald G. Michels, M.D. 









Faculty 
David L. Guyton, M.D. 
Jack T. Holladay, M.D. 
Kenneth R. Kenyon, M.D. 
Stephen Klyce, Ph.D. 
Marguerite McDonald, M.D. 
Neil R. Miller, M.D. 
Harry A. Quigley, M.D. 

Others To Be Announced 

















Credit: 30 AMA Category | 
Registration Fee: $475, $325 (those is training) 






plus a ‘‘Management of Business Assets” 
seminar for spouses 







S 


Information: Office of Continuing Education, The Johns Hopkins Medical Institutions, 
Turner Building, 720 Rutland Avenue, Baltimore, Maryland 21205-2195, (301) 955-2959 
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The Retinal Vascular Center of 
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ATTENTION! The Wilmer Institute 


Beijing IOL 


























































z The Johns Hopkins Medical Institutions [177 
3 presents HH 
1 990 TT 
- P T 
heat DIABETIC W 
be held in HHHH 
PORENERI 
DELHI RETINOPATHY [:::: 
r DERRRRN! 
TT 
INDIA Hi 
IN 1989 oH 
H 
= For further November 17, 1989 
J information, contact: 
Prof. S.R.K. M ALIK This course will review the current status of the diagnosis, treatment, and 
° prognosis of patients with all forms of diabetic retinepathy, applying and 
M.M.R. Eye Institute interpreting the recently announced 8-year results of the Early Treatment 
. Diabetic Retinopathy Study (ETDRS). Emphasis will be placed on recogniz- 
EPID, Saaga Vihar ing the stages of retinopathy that should be treated with photocoagulation 
1Kas Marg, to prevent or reduce the risk of visual loss. Diagnasis and photocoagulation 
Delhi - 110 092 treatment of diabetic macular edema with appiication of the long term 


results of the ETDRS for macular edema will be reviewed in a macular 
edema symposium. The current standards for management of patients with 


INDIA 








Phone: preproliferative and proliferative retinopathy wil! be reviewed in a sym- 
9942967 /2248667 posium on treatable proliferative retinopathy. 
343838/350075 The faculty, which includes many of the principal investigators of the 


ETDRS, and participants together will evaluate and discuss cases with 
differing retinopathy problems. Panel discussions„and question and answer 
sessions will amplify the formal presentations. 


FAX: 91-11-301-1252 
Telex: 031-62761 






Course Director 
Robert P. Murphy, MD. 
Location 
The Johns Hopkins Medical Institutions 
Baltimore, Marylanc 





% 
REFLECTIONS OF GREATNESS 


Gerald Ford, President: 1974 - 1977. pars H 
Eagle Scout, 1927. $100 (those in training) HHH 
Credit DRRRRENI 


“The child is father of the man.” Words- 
worth said it over one- hundred fifty 
years ago. The strengths ingrained in 

youth flourish with age. 


8.5 AMA Category | credits will be awarded 


Special Guest Faculty 
Lloyd Aiello, M.D. 
Emily Y. Chew, M.D. 
Matthew Davis, M.D. 
Frederick L. Ferris, Ill, M.D. 
Lawrence |. Rand, MD. 


Wilmer Faculty 






For more than seventy 
years, the Boy Scouts have 
perpetuated the ideals of 
America: honor, charac- 
ter, loyalty; duty to 








a S God, mankind, and 

i country. Neil Bressler, M.D. HHHH 
It’s not surprising Susan Bressler, M.D. TTT 
some of our Stuart L. Fine, M.D. TOT 
nation’s outstand- Daniel Finkelstein, MD. TTT TTT 
ing citizens and Morton F. Goldberg, M.D. TTT LL 
3 leaders have been W. Richard Green, M.D. HORRREEI 
a Boy Scouts. Julia A. Haller, M.D. HHH 

P Arnall Patz, M.D. 
t, + Andrew Schachat, M.D. UT 
Steven H. Sherman, M.D- HHHH 
For Further Information H 
BECOME A MEMBER OF THE NATIONAL BOY SCOUT Office of Continuing Education TT 
ALUMNI FAMILY. — JOIN TODAY! The Johns Hopkins Medical Institutions LLL 
To i Turner Building, 720 Rutland Avenue DERREN 
Your one-year, $10 membership entitles you to the Alumni Balti Maryland 21205 TTT 
attractive wall certificate suitable for framing. (301) 955-2959 DARAAN 
~ A three-year, $30 membership entitles you to a free Norman TTT 
Rockwell print, as well as all of the benefits of a one-year TTT 
Write today to TTT 


National Boy Scout Alumni Family 
1325 Wainut Hill Lane ° Irving, Texas 75062 - 1296 
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The Ophthalmology Board Review Course 
November 6-11, 1989 — Philadel 
April 13-18, 1990 — Chicago 
May 2-7, 1990 — San Francisco 
Now, your only BOARD REVIEW just before Written and Oral Exams 


OBJECTIVES 


è Improve basic and clinical knowledge in ophthalmology 


è Assist residents and fellows in organizing study 
e Prepare candidates to take examinations 


e Provide practicing ophthalmologists with a review and update 


"The faculty was outstandin 
not only from world-famous 


Fundamentals 
Anatomy 
Biochemistry 
Physiology 
Pharmacology 


Optics and Refraction 
Ophthalmic Optics 
Refractive Errors 
Instruments 
Clinical Refraction 


Intraocular 
Inflammation 
Uveal Tract 
Ocular Tumors 


Posterior Segment 
Retina 
Vitreous 
Laser Surgery 
Macula 
Vascular Disease 


Neuro-ophthalmology 
Neuroanatomy 
Optic Nerve 
Visual Pathways 
Pupillomotor System 
Oculomotor System 


Pediatric Eye 
Congenital Disorders 
Genetic Disorders 
Strabismus 


Ocular Surface 
External Disease 
Cornea 
Conjunctiva 
Sclera 


Anterior Segment 
Anterior Angle 
Glaucoma 
Lens 
Trauma 


Orbit and Adnexa 
Orbit 
Eyelids 
Lacrimal System 
Plastic Surgery 


Medical Problems 
Immunology 
Endocrinology 
Systemic Diseases 
Emergencies 


Ophthalmic Pathology 
Adnexa and Orbit 
External Eye 
Anterior Segment 
Posterior Segment 


Other Activities 
Pathology Laboratory 
Written Exam 
Oral Exam 
Exam Review 


Steven Abel, Pharm.D. 


Aff. Ass’t. Prof. of Clin. Pharmacy 


Purdue University 


J. Douglas Cameron, M.D. 
Assoc. Prof. of Ophth. and Path. 


University of Minnesota 


Arthur Cotliar, M.D. 


Associate in Clin. Ophthalmology 


Columbia University 


METHODS 


phia 


e HOME STUDY MATERIALS consisting of a syllabus of 
questions with assignments and answers 
e SEMINAR with projection-slide lectures and syllabus 


g. The most pleasant thing was learning a tremendous amount, 
authorities but from people who are relatively unknown as well." * 


Geoffrey Gladstone, M.D. 
Co-Director Oculoplastic Service 


Wm. Beaumont Hosp., Royal Oak, MI 


B. David Gorman, M.D. 
Coordinator of Resident Programs 
Lennox Hill Hospital, New York 


David Guyton, M.D. 
Professor of Ophthalmology 
Johns Hopkins University 


Eric Mandel, M.D. 
Ophthalmologist in Private Practice 
Lennox Hill Hospital, New York 


J. Arch McNamara, M.D. 
Clinical Instructor 
Thomas Jefferson University 


Mark Moster, M.D. 
Ass’t. Prof. of Neuro. and Ophth. 
Temple University 


Leonard Nelson, M.D. 
Assoc. Professor of Ophthalmology 
Thomas Jefferson University 


Joseph Sassani, M.D. 
Assoc. Prof. of Ophth. and Path. 
Pennsylvania State University 


Jerry A. Shields, M.D. 
Professor of Ophthalmology 
Thomas Jefferson University 


Carol L. Shields, M.D. 


Instructor, Oncology Service 
Wills Eye Hospital, Philadelphia 


Michael Starr, M.D. 
Assoc. Clin. Prof. of Ophthalmology 
Cornell University 


Thomas Stevens, M.D. 
Professor of Ophthalmology 
University of Wisconsin 


Floyd Warren, M.D. 
Ass’t. Clin. Prof. of Ophthalmology 
New York University 


Limited Enrollment: OPHTHALMOLOGY REVIEW REGISTRATION 


Name 
e a ge ee ee 
Address 
oS Soto's Bee mean rece nme ee ee ee S 


Phone 





Mail today to: 


1094 Dawn Lane, Dept A9 


P.O. Box 2218 


Terre Haute, IN 47802 


; 
: City/State/Zip f 
e A A eS ae, 


For:[] Nov. 6-11, 1989 — Phildelphia 
C April 13-18, 1990 — Chicago 
[C] May 2-7, 1990 — San Francisco 
O Check is enclosed for $ 


bes pwc cocnaeccnccucceuccecccecccecece 


e PRACTICE EXAMS with oral and written parts 


“Accommodations were comfonable...."* 


GOALS AND LOCATION: The course is 
held the week before written and oral 
exams. Your best value is to repeat the 
seminar for half price the week before 
both written and oral exams. Topics and 
faculty are upgraded for each program. 
Meeting hotels are chosen for the best 
combination of excellent study site and 
reasonable cost for travel and room. Our 
rates are typically $75 to $95 single and $95 
to $115 double. Please await instructions 
before buying travel tickets. 


".@nd those little ectras...."* 


LOWEST AIR FARES: Reliable Travel 
offers you the lowest air fare — often 
below super-saver rates. Please call toll- 
free 1-800-548-8185 and identify yourself 
with this Osler course. 


"remarkably complete and pleasant."* 


PLACEMENT SERVICE: For practice 
Opportunities write or call 1-800-356-7537. 


"the most education for the money."* 


FEES AND COURSE HOURS: 

è Course Hours: 

e Practicing Ophthalmologists: $690 

è Residents and Fellows: $460 

e Repeating course within 3years: half price 

eè Add 10% within 10 days of the couse. 

e Fees do not include lodging or meals 

e Attendees not in course hotel add $8/day. 

e Deposit of $50 will reserve your position.. 

e Most home study material will be mailed 
after half of the registration fee is received. 


"home study material was extremely helpful"* 


60 hours 


REFUNDS: Subject to a $50 fee, refunds 
will be made until the seminar begins. 
e Cancellation after mailing 

material requires retention of half the fee. 


"I feel [the course] helped me pass...."* 


INFORMATION: 
Joseph H. Selliken, Jr., M.D. 
THE OSLER INSTITUTE 
1094 Dawn Lane, P.O. Box 2218 
Terre Haute, IN 47802 
(800) 356-7537 or (812) 299-5658 


* Comments by past Osler participants 


home study 


To SOLVE YOUR PROBLEM, 
We Hap To Look AT SURGERY 
` FROM YOUR POINT OF VIEW. 





















343H09 @ 


“ 


3270 West Bayshore Road, Palo Alto, CA 94303 
(800) 635-1313 (800) 423-9543 (in California) 


Laser indirect ophthalmoscopy 
demands a different perspective 
on safety and performance than 
conventiona! delivery systems. 
To eliminatethe distraction and 
added weight of mechanical 
shutters, for example, Coherent 
incorporates a fixed safety filter. 
Your eyes are always protected. 
Visualization is unrestricted. 

For uncompromised viewing, 
the illumination and visual 
axes are positioned exactly as 
in a diagnostic indirect ophthal- 
moscope. Our unique optic 
design places the laser beam 
between these two optical 
pathways, so you can deliver 
treatment to the exact problem 
areas you identify. 

Look into the new Laser 
Indirect Ophthalmoscope from 
Coherent. You'll appreciate our 
view on safety and performance. 
Contact Coherent today. 
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Classified Advertising ———_ 


Box 













CLASSIFIED 
INFORMATION 


Regular Classified 1 Time 3 Times 
or more” 

Cost per word $ .95 $ .85 

Minimum 20 words. per issue 


“In order to earn the three-time rate, your ad must be placed 
and prepaid at the same time for three or more issues. 


Counting Words: Two initials are considered 
one word, each abbreviation is considered 
one word, and figures consisting of a dollar 
sign and five numerals or less are considered 
one word. Cities and states consisting of two 
words or more are counted as one word: i.e., 
“New York” and “Salt Lake City.” Zip code is 
considered one word and must appear in all 
ads. Telephone number with area code is 
considered one word. When box numbers are 


used for replies, the words “Box , C/O 
AOP” are to be counted as three words. 

Classified Display 1Time 3Times 
Full page $630 $580 
Two-thirds page 539 496 
One-half page 476 438 
One-third page 378 348 
One-sixth page 252 232 
Column inch 55 50 


Minimum display ad: one column inch 
12-time rate available on request. 


Display Production Charge: The publication 
will pub-set advertisements upon request. 
The typesetting fee is 10% of the one-time ad 
cost shown above. Special requests will be 
billed to the advertiser and/or agency at the 
then prevailing rates. 


Box Service 


Available for all ads. The cost is $10.00 for the 
first issue only. Responses to your ad will be 
consolidated in our office and promptly 
mailed directly to you. 


Closing Date 


The 25th of the second month prior to issue 
date. Example: The November issue closes 
September 25th. No ads can be cancelled 
after the closing date. 


Send all copy, correspondence, production 
materials and payments to: 


archives of 
Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 
For assistance with your ad schedule call toll free: 


National 800-237-9851 
Florida 800-553-8288 O Local 813-443-7666 





All classified advertising orders, correspon 








__Professional Opportunities _ 
OPHTHALMOLOGIST/Subspecialty: Vitreous and 


retina. The Section of Ophthalmology, Department 
of Surgery, Dartmouth-Hitchcock Medical Center in 
Hanover, New Hampshire, is seeking a full-time cli- 
nical/academic ophthalmologist to join the faculty. 
Responsibilities: 1) Provide both in- and out-patient 
general ophthalmological care with special interest 
in diseases and surgery of the vitreous and retina. 2) 
Give lectures and provide clinical training to medi- 
cal students, interns and residents as required. 3) 
Carry out research projects when possible. Min- 
imum requirements: 1) A degree in medicine and 
completion of an accredited residency in ophthal- 
mology. 2) Completion of subspecialty training in 
diseases and surgery of the vitreous and retina. 3) 
Board-certification or board-eligibility in ophthal- 
mology. 4) If available, credentials supporting pre- 
vious academic productivity. The individual will be 
an employee of the Hitchcock Clinic and will receive 
an appropriate academic appointment as a member 
of the faculty of Dartmouth Medical School. The 
Dartmouth-Hitchcock Medical Center is committed 
to affirmative action and is especially interested in 
identifying female and minority candidates. Inquir- 
ies and resumes should be directed to the Chair of 
the Search Committee before October 31, 1989. 
Gault M. Farrell, MD, Section of Ophthalmology, 
Dartmouth-Hitchcock Medical Center, Hanover, NH 
03756. Telephone: (603) 646-5123. An equal oppor- 
tunity employer. 





OPHTHALMOLOGIST 


Kaiser Permanente-Northern 
California seeks a BC/BE gen- 
eral ophthalmologist for the 
Sacramento facility. Subspe- 
cialty training in cornea/ 
external disease, glaucoma or 
pediatric ophthalmology pre- 
ferred but not required. Present 
staff includes 13 ophthalmolo- 
gists and 16 optometrists serv- 
ing over 400,000 local members 
of our prepaid multispecialty 
group. Competitive salary and 
outstanding benefits. Send CV 
to: James E. Hine, M.D., Chief, 
Dept. of Ophthalmology, The 
Permanente Medical Group, 
Inc., 2025 Morse Ave., Sacra- 
mento, CA 95825. EOE 
























siz 
KAISER PERMANENTE 


Good People. Good Medicine. 





dence and payments should be directed to: Archives of Ophthalmology, P.O. Box 1510, 
Clearwater, Florida 34617. Our telephone numbers are: National 800-237-9851: in Florida 800-553-8288; Local 813-443-7666. Please do * 
not send classified ads, payments or related correspondence to the AM 


Inquiries about “BOX NUMBER" advertisements: All replies must be in writin 


A headquarters in Chicago. This causes needless delay. 


g and must cite the box number in the ad. Example: 
, C/O AOP, P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their 
mail sent in care of Archives of Ophthalmology. 


_ Professional Opportunities _ 


PEDIATRIC OR GENERAL Ophthalmologist—East 
Coast: Enchanting New England coastline com- 
munity. Dynamic, caring practice seeks pediatric 
ophthalmologist, or general ophthalmologist with 
Strong interest in children, to assume established 
pediatric ophthalmology position. Further interest 
in opthalmic plastics also desirable. Contact: Katie 
Murphy, (508) 746-8600, 177 Sandwich Street, 
Plymouth, MA 02360. 


MAINE — General ophthalmologist. Excellent 
opportunity to establish a new practice to serve a 
county-wide area. Affiliate with modern, 70-bed, 
community hospital with medical staff of over thirty 
physicians. Twenty-four hour, physician staffed ER. 
Competitive guarantee plus benefits, office space, 
moving expenses and equipment allowance. Live in 
pleasant college community close to Maine's two 
major ski resorts. Enjoy sports, whitewater rafting to 
ice fishing, in nearby rivers and lakes in one of 
Maine's most scenic areas. Send CV to: New 
England Health Search, 63 Forest Avenue, Orono, 
ME 04473. Or call: (207) 866-5680 or (207) 866-5685. 


THE DEPARTMENT OF OPHTHALMOLOGY at 
George Washington University Medical Center is 
recruiting a full-time faculty member with fellowship 
training and expertise in the area of cornea and 
external disease. Candidates must be board-certified 
with established competence in patient care and 
resident training. An established record of research 
is especially desired. Interested candidates should 
contact: Mansour F. Armaly, MD, Professor and 
Chairman, Department of Ophthalmology, George 
Washington University Medical Center, 2150 
Pennsylvania Avenue, Northwest, Washington, DC 
20037. George Washington University is an equal 
opportunity employer. 


OPHTHALMOLOGIST — Multi-specialty clinic in 
Seattle seeking BC/BE vitreo retinal surgeon to join 
a large ophthalmic practice. If interested, please 
send CV and list of references to: Dr. George C. 
Pugsley, 1100 Ninth Avenue, Seattle, WA 98101. 
FAX # (206) 223-6947. 


KANSAS CITY — Subspecialist, especially retina/ 
vitreous or pediatric/strabismus. Full- or part-time. 
To join three BC ophthalmologists and establish 
second subspecialty department. Ultra-modern, 
State-of-the-art office with adjoining medical center. 
Ethical, stimulating, growing surgical-orientated 
practice. Attractive offer — guaranteed salary, pro- 
duction incentive, fringe benefits and opportunity 
for partnership. Excellent environment to raise a 
family. Send CV: John C. Hagan Ill, MD, Midwest 
Eye Institute of Kansas City, Inc., 2700 Hospital 
Drive, North Kansas City, MO 64116. 


ee ES Sa 
NEED A DOCTOR? For the most comprehensive 
coverage to specific specialties and select sub- 
specialties, put your recruitment ad in an AMA spe- 
cialty journal. We target your ad to the physician 
you want. To schedule your ad call our “Classified 
Advertising” office: National (800) 237-9851: Florida 
(800) 553-8288. 


____ Positions Wanted 
BOARD-CERTIFIED OPHTHALMOLOGIST, 35, 
seeks practice position: New York, Connecticut, 


New Jersey, with partnership potential. Reply: Box 
601, c/o AOP. 























PLEASE NOTE— Address replies to box number 
ads as follows: Box number, c/o AOP, 
P.O. Box 1510, Clearwater, FL 34617. 
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Professional Opportunities _ 


GLAUCOMA SPECIALIST. Ochsner Clinic seeks 
excellent subspecialty-trained ophthalmologist to 
assume an established glaucoma practice with affil- 

ated residency program. Starting salary commen- 
surate with experience, productivity bonus, gener- 
ous fringe benefits. Send CV to: Richard Hesse, MD, 
Chairman, Department of Ophthalmology, Ochsner 
Clinic, 1514 Jefferson Highway, New Orleans, LA 
70121. 


|. )» (ee 
ATTENTION PHYSICIAN RECRUITERS. The 
“Classified Advertising” sections now in all nine 
AMA Specialty Journals target the physician you 
want. These highly visible sections put your 
message in the hands of every specialist that quali- 
fies foryour professional opportunity, every month. 
To place the ad of your choice, any size, call toll 
free: (800) 237-9851; or in Florida (800) 553-8288. 


= Fellowships _ 

















CORNEA FELLOWSHIP 


A fellowship imcornea and external disease is 
offered by a large volume corneal referral 
practice, Corneal Consultants of Indiana. The 
position is for 1 to 2 years and will provide 
significant exposure to medical and surgical 
corneal disease including PKP, IOL exchange, 
keratomileusis, lamellar procedures and 
hydrogel inlays. Involvement in research ac- 
tivities is encouraged. Interested applicants 
should contaet: Francis W. Price, Jr., MD or 
William E. Whitson, MD at 9002 North Meridian 
Street, Suite 100, Indianapolis, IN 46260. 


_ Medical Equipment/Supplies 
GREAT SALE — Office closes! Two operatories 
available (3-4 years old): Reliance and Topcon; 


Autoperimeter — $1,750. Call: (800) 748-5748. MFI 
Medical. 


Fellowship 


Fellowship available in Cor- 
neal External Disease— 
Contact Lenses/Anterior 
Segment July 1990-1991. 



















Write: 
Department of 
Ophthalmology 
University of 
Connecticut 
Farmington, CT 
06032 
203-521-7560 


Attn: P.C. Donshik, M.D. 





An Uncommon 
Opportunity 


ee eee Ee ee 
PRIME HEALTH isa nationally prominent HMO in Kansas City. We've spent 11 
years perfecting a health care delivery system that provides attractive suburban 
practice locations with ample support to allow a lifestyle free from many of the 
hassles found in fee-for-service practice. We provide a wide range of specialty 
services including Internal Medicine, Family Practice, OB/GYN. Orthopedic 
Surgery, Psychiatry, and Ophthalmology. Our Ophthalmology department houses 
eight fully-equipped examination lanes with a complete array of modern equip- 
ment including anterior and posterior segment cameras, a Humphrey Field Ana- 
lyzer, standard Goldman perimetry, a B scan, a Storz Alpha II A scan, a Coherent 
Argon laser and in-house fluorescein angiography. Our staff physicians enjoy 
competitive compensation levels, paid malpractice, retirement, and health, life and 
disability benefits. In addition, all of our associates share an equity interest in our 
organization. 



































Consider Prime Health in light of your own career goals. If you're seeking the 
satisfaction of a professional practice within an expanding and challenging envir- 
onment, Prime Health is indeed an uncommon opportunity. Please submit your 
CV for consideration to: Martha Goodall, Human Resources, 5801 E. 117th St., 
Kansas City, MO 64134, 816-765-6200. Equal Opportunity Employer. 






PrimeHealth. 






















WANTED! 


Vitreo-Retinal 
Surgeon 


to join incorporated 
soloist in vitreo-retinal 
practice. Active surgical 
volume with opportunity 
for additional growth. 


Require experience in 
retinal detachment 
repair, vitreaus surgery, 


OPHTHALMOLOGISTS 


ED 





Urgently needed in developing 
countries to train national physi- 
cians and develop programs. Chris- 
tian Blind Mission International is an 
interdenominational organization 
established in 1908, dedicated to 
helping blind and handicapped peo- 
ple through medical, educational 





and rehabilitation services. photocoagulation, 
ultrasonography, 

fluorescein angiography. 

Contact: Competitive salary and 

D. Lovingood benefits. 
CBMI-USA For further information 

P.0. Box 175 please write to: 
Wheaton, IL 60189 Midwest Retina 
(312) 690-0300 Associates, Inc. 
2900 Baltimore 

Suite 520 

Kansas City, MO 64108 
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ASSOCIATE/ASSISTANT 


PROFESSOR 
OF 
OPHTHALMOLOGY 


The Department of Ophthalmology 
at the University of South Florida 
College of Medicine is seeking a 
board-certified, fellowship-trained 
glaucoma specialist to assume the 
Directorship of the Glaucoma Sec- 
tion, including the fellowship 
program. 






LSU 
EYE CENTER 






Has an opening for a 


PEDIATRIC 
OPHTHALMOLOGIST 


Applicant must be board- 
certified and have had 
fellowship in pediatric 
ophthalmology. Interest or 
training in neuro- 
ophthalmology desirable. 








The successful candidate will havea 
Strong interest in patient care activity 
including surgery and laser, with a 
desire to participate in clinical re- 
search and Clinical studies. 





Interested applicants send 
Curriculum vitae and 
bibliography to: 






Send curriculum vitae, bibliography 
and a letter discussing career goals to: 


William E. Layden, MD, Chairman 
Department of Ophthalmology 
University of South Florida 
Eye Institute 
13131 Magnolia Drive 
Tampa, FL 33612-9400 


Application deadline: 11/30/89 


An affirmative action/equal 
opportunity employer. 






Herbert E. Kaufman, MD 
LSU EYE CENTER 

2020 Gravier Street, Suite B 
New Orleans, LA 70112 








LSU Medical Center is an 
€qual opportunity/affirmative 
action employer. 







SUBSPECIALTY 
OPHTHALMOLOGIST 
KANSAS CITY 


Glaucoma 
Specialist 


Academic position, 
assistant /associate professor. 






Fellowship trained Ophthalmologist to 
join two Board Certified Generalists 
and establish first subspeciality de- 
partment. Ultramodern office with 
State of art equipment and vigorous 
growing practice. Some general Oph- 
thalmology until subspeciality estab- 
lished. Ethical. Stimulating environ- 
ment-clinical research-40 papers pub- 
lished from our practice. Exceptional 
offer-salary, fringes, production incen- 
tive. 






State University of New 
York at Buffalo. BE/ BC. 
Teaching and research. 











SUNY Buffalo is an 
affirmative action/equal 
opportunity employer. 






Send CV to: 








Ophthalmology Contact: 
Department John C. Hagan Ill, M.D., FACS 
Midwest Eye Institute of 
Erie County Kansas City 
Medical Center 2700 Hospital Drive 
462 Grider Street North Kansas City, MO 64116 






Buffalo, NY 14215 




































es 


University of California 
san Francisco 









The University of California, San 
Francisco, Department of Ophthal- 
mology has a full-time faculty posi- 
tion available at the Assistant Pro- 
fessor in Residence level. We seek 
an individual who will play a major 
role in providing clinical/surgical 
care in Cornea. Must be capable of 
participating in an active clinical 
teaching program as well as be 
productive in research. Must be 
board-certified or -eligible. Surgical/ 
Clinical, teaching and research 
experience required. 


Please submit CV by October 31, 
1989 to: 


Creig S. Hoyt, MD 
UCSF 
Department of Ophthalmology 
Beckman Vision Center 

Koret Vision Research Laboratory 


Box 0730 
San Francisco, CA 94443 


UCSF is an equal opportunity/affirma- 
tive action employer. Women and 
minorities are encouraged to apply. 


Ee 


The Department of Ophthalmology at the Uni- 
versity of Arizona’s College of Medicine is 
seeking to fill two faculty positions. The first 
position requires a Board Eligible or Board Cer- 
tified Ophthalmologist to serve as Chief of the 
County Hospital Eye Service. An interest in 
General Ophthalmology and Anterior Segment 
surgery is essential. The individual will assume 
teaching and supervisory responsibilities for 
residents and will provide specialty coverage in 
areas which do not have resident coverage. 
Salary for this position will be determined based 
upon background and experience and will 
include applicable fringe benefits. 


The Department is also seeking a part-time 
faculty member who must be at least Board El- 
igible and have clinical practice experience. An 
interest in teaching is desirable as is subspe- 
cialty expertise, although the latter is not man- 
datory. This position is offered as non-tenure 
track. Salary and academic rank will be based 
upon background and experience. 


Qualified candidates should forward a letter of 
interest, current curriculum vitae and three (3) 
letters of reference to: 


Johan T.W. van Dalen, MD, PhD, Assoc. Professor 
Search Committee Chairman 
Department of Ophthalmology 

University of Arizona - College of Medicine 
1501 North Campbell 
Tucson, Arizona 85724 


The review of applications will begin September 1, 
1989 and will continue until the positions are filled. 


The University of Arizona is an Equal Opportunity /Af- 
firmative Action Employer. Women and Minorities are 
urged to apply. 



































































































































The Ochsner Clinic has 
expanded to a university 
community with a 
metropolitan population 
of 560,000 providing 
outstanding cultural 
opportunities. A position 
is available in a growing 
department of 
Ophthalmology. 

Fellowship training is 
desirable. Opportunities 
for clinieal research. 
Candidates for 
consideration must have 
board certification / 
eligibility and at least 
one of the following: 
Academic honors; 
Excellent rating in an 
outstanding training 
program; Demonstrated 
ability to provide 
a superior level of care. 
Interested individuals 
should forward CV to: 






























Baton Rouge, LA 70816 
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Full-time faculty position at 
Mount Sinai School of Medicine 
and affiliated Elmhurst Hospital. 
Must have completed appro- 
priatesfellowship and be board 
eligibie/eertified. Applicants 
should have strong teaching and 
research interests in addition to 
clinical skills in vitreo-retinal 
surgery. Please send CV and 
bibliography to Dr. Steven M. 
Podos, Box 1183, The Mount 
Sinai Medical Center, One 
Gustave L. Levy Place, New 
York, NY 10029-6574. An Equal 
Opportunity Employer. 


MOUNT SINAI. 


TAKE GOOD CARE OF YOUR CAREER. 
LS 
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Charles M. Kantrow, Jr., M.D. 
16777 Medical Center Drive 


































— OREGON — 


Immediate opening for 


GENERAL OPHTHALMOLOGIST 


with multi-specialty group 
in beautiful Pacific northwest. 





Position provides opportunity to practice truly signifi- 
cant ophthalmic medicine and surgery in vigorous, 
congenial group of eight within the Kaiser Perma- 
nente program, Northwest Region. Competitive salary 
and comprehensive benefits package, including 
generous pension program, sabbatical leave and pro- 
fessional liability coverage. 





Forward inquiry with CV to: 


Fred M. Nomura, MD 
Regional Medical Director 
NORTHWEST PERMANENTE, P.C. 
3600 North Interstate Avenue 
Portland, OR 97227 





We Target The Physician 
You Want! 


The Archives of Ophthalmology’s classified recruitment section will deliver 
your message to exactly your target audience — all ophthaimologists. A total 
specialized physician audience of over 15,000. 


Send us your advertising order today. Just complete the coupon below and 
attach your typewritten copy. The next available issue is November which 
closes Monday, September 25th. For complete advertising rate information, 
please see the first page of this section. 


eeoweseneseseree= ORDER FORM ooeesmreceseese=" 











Insert my ad times, beginning with the issue. 
Place my ad under the heading 
Enclosed is my check for $ = to Cover full payment 


of my advertising schedule. 
Institution 
Contact Person 
Address 
City 










State s 2 











Authorized Signature 
Send all copy and payments to: 
archives of 
Ophthalmology 
Classified Department 


P.O. Box 1510, Clearwater, Florida 34617 
National (800) 237-9851 O Florida (800) 553-8288 O Local 813) 443-7666 
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Pilag aN (pilocarpine nitrate) 
Liquifilm® sterile ophthalmic solution 


Sa E S S 


_ INDICATIONS AND USAGE: Pilagan Liquifilm is indicated for: 


1) The control of intraocular pressure in glaucoma. 

2) Emergency relief of mydriasis in an acutely glaucomatous 
situation. 

3) To reverse mydriasis caused by cycloplegic agents. 


CONTRAINDICATIONS: Pilagan Liquifilm is contraindicated in per- 
sons showing hypersensitivity to any of its ingredients. 


WARNINGS: Pilocarpine is readily absorbed systemically through 
the conjunctiva. Excessive application (instillation) may elicit systemic 
toxicity symptoms in some individuals. 


PRECAUTIONS: General: Pilocarpine has been reported to elicit 
retinal detachment in individuals with pre-existing retinal disease or 
predisposed to retinal tears. Fundus examination is advised for all 
patients prior to initiation of pilocarpine therapy. Carcinogenesis, 
mutagenesis and impairment of fertility: No studies have been 
conducted in animals or in humans to evaluate the potential of these 
effects. Pregnancy Category C: Animal reproduction studies have 
not been conducted with pilocarpine. It is also not known whether 
pilocarpine can cause fetal harm when administered to a pregnant 
woman or can affect reproduction capacity. Pilocarpine should be 
given to a pregnant woman only if clearly needed. Pediatric Use: 
Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS: Adverse reactions associated with topical 
pilocarpine therapy include: visual blurring due to miosis and accom- 
modative spasm, poor dark adaptation caused by the failure of the 
pupil to dilate in reduced illumination, and conjunctival hyperemia. 
Miotics have been reported to cause lens opacities in susceptible 
individuals after prolonged use. Systemic reactions following topical 
use of pilocarpine are rare. 


=} ALLERGAN PHARMACEUTICALS 


A Division of Allergan, Inc., Irvine, CA 92713 
©1989 


SAY IT WITH STYLE! 








AMA 
MANUAL OF STYLE 


The one to consult 


NAZ Stier it’s a multi-volume work or a 
short article, you'll find the write stuff 
in the AMA Manual of Style. 

This 8th Edition, a major revision, is 
the standard among medical publishers. All 
major aspects of manuscript preparation are 
covered in five sections which outline: 

e Preparing an article for publication 

e Style e Terminology e Measurement 
and Quantitation è Technical Information 
and Bibliography. 

Next time you have a question about 
making your medical writing more clear, 
concise and accurate, be ready with one 
simple answer — the AMA Manual of 
Style. Order your copy today! 

1988/377 pp/4351-X/$24.95 


CALL TOLL FREE TO ORDER 
1-800-638-0672 


from anywhere in the US. Maryland 
residents call 528-4221 COLLECT. 


Williams & Wilkins 
428 East Preston Street 
Baltimore, MD 21202 
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-Leadership in Optic Design, Innovation, 
and Quality... IOLAB. 


oLAB has: demonstrated its worldwide 
_ leadershipin optic design and innovation 


e year. 


19 The UVBLOC™ Plus optic 
was introduced. It is the 


< only Class | UV absorbing material 


"available. UVBLOC™ bonded UV lenses 


b 
| 
Ẹ 


-are the worldwide Header in total UV 
~ 1OLs implanted. 


19 The revolutionary 
Acumold™ and Acucut™ 
manufacturing processes allowed 
IOLAEB to offer a new quality standard for 
one-piece lenses. We also introduced 
L.0.Z™ Large Optic Lenses... including 
7.0mm optics, no-hole optics and optics 
with partial depth positioning holes 
se H™ These sie were all nee 


fo provide a larger van oi zone. 
IOLAB offers you more L.O. Z™ style IOLs 
than ony other manufacturer. 


Products protected under one or more of the following listed 

2 a . . 
patents and ciher United States and foreign patents: RES1.626 
4,244 O60; 4.092 743: 4,298,994: 4.528.311: 4,601,720; 4,601,721 
4624 670 


© jOLAB 1987 


19 87 The natural symmetry of a 
Biconvex Optic was intro- 
gir in a gw EN of sili gesigns. ; 


The ongoing IOLAB commitment is to 
continue improving your patients’ vision 
and enhancing your surgical techniques 
as we continue to pioneer innovative 
optic and IOL design. 


Past, present and future... 
Optic Innovation and Leadership 
Continue at IOLAB. 


Sigal 


— INTRAOCULAR 


a ohmonafohmen company company 
500 lolab Drive, Garemont, CA 91711 
Telephone: 714/624 - 2920 
Customer Service-Toll Free 800/255 - 2500 


CAUTION: Investigational Device. Limited by 
Federal Law to investigational use. 


CAUTION: Federal Law restricts this device to 
sale Dy or On order of a hE dean 


Prior to use: please refr to the product information package 
insert for indications, Caulioss, warnin gs ang precautions 
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WHAT'S ON TOP CAN MAKE ALL 
THE DIFFERENCE. 


‘2 Pilagan™ 


(pilocarpine nitrate) 
Liquifilm® sterile ophthalmic solution 


Saai with C Cap” Compliance Cap QLD. 





on Please see adjacent page for brief prescribing information 





IF YOU DON'T SPECIFY IT, THEY WON'T GET IT. 


Published by the American Medical Association October 1989 
Volume 107, Number 10 
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Lens before implantation shown with proper orientation 


By conforming, not deforming. 


Bag Conformity and Centration. The two features of CILCO” cantilever loop 
single-piece IOLs that provide for better capsular fit. 


Their proprietary haptic designs allow these lenses to accommodate to the size 
of the capsular bag. This conformity can eliminate the unequal zonular stress and 
the capsular bag distortion that can occur with an exceptionally long haptic, or 
unforgiving haptic design. The ability to accommodate also decreases the likelihood 
of a haptic overextending the anterior capsular flap and displacing into the sulcus. 


Our unique haptic designs result in uniform radial forces that automatically 
center the optic. These gentle forces of centration also restore the natural shape of the 
capsular bag. This is achieved by providing an effective 360 degrees of radial stretch. 
And, this stretch helps to eliminate capsular wrinkles, a primary pathway for 
posterior capsule opacification. 


Manufactured from lathe-cut, high molecular weight PMMA, these lenses exhibit 
superior memory. Thus, they preserve the angulation that minimizes the risk of 


© Copyright, Alcon Surgical, Inc., 1989 7586 


suie in 


Lens after implantation viewed from behind the iris 





iris chafing and pupillary block, as well as the haptic shape that maximizes centration. 


A To learn more about keeping the capsule in shape, contact your Alcon Surgical 


CILCO* Territory Manager, or call 1-800-654-6243, toll free. 


CILCO'Single-piece PMMA 
Posterior Chamber Lenses 


Designed for a better capsular fit 
` Alcon 


SURGICAL 





Alcon Surgical, Inc., 6201 South Freeway, Fort Worth, TX 76134, 1-800-654-6243. 
CILCO* is a registered trademark of Alcon Surgical, Inc. 


Caution: Investigational device limited by federal (USA) law to investigational use. 
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If You 





an See It, 


Now You Can Treat It 





Treat the Peripheral Fundus 


How many times have you had to stop your laser pro- 
cedure to examine the peripheral fundus with an indirect 
ophthalmoscope? 


Laser Indirect 


HGM has now made it possible to treat areas that you could 
only examine before. The exceptional view offered by the 
new HGM Laser Indirect Ophthalmoscope makes it possible 
for you to see and treat the peripheral fundus like never 
before. With spot sizes ranging from 200 to 1000 microns, 
it facilitates a wide range of procedures from retinopexy to 
PRP. And as with all HGM accessories, connecting the 
Laser Indirect Ophthalmoscope is quick and easy. 

EE ee a ee 

HGM continues to make your 

laser even more versatile. 





Designed for Your Laser 















The new HGM M-25 Slit Lamp is 
designed to precisely control and 
deliver laser energy. Microscope 
and laser beam are focused on the 
same plane at all times, 
giving you the accuracy 
needed for delicate macular 
treatments, combined with 
the power needed to perform 
iridotomy or trabeculoplasty with 
confidence. And setting up an HGM 
laser and slit lamp system 
will save you 
about $10,000 over 
other systems now available. 





To learn how an HGM laser and ophthalmic accessories can add a 
new dimension of precision and efficiency to yeur practice, call us 
at 1-800-447-0234. 


Distributed by Instruments 4 Medicine 
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Acute purulent untreated infection of the eye may be massed oractivity enhanced by the presence 
of corticosteroid medication. 

PRECAUTIONS: General: As fungal infections of the cornea are particularly prone to develop coin- 
cidentally with long-term local corticosteroid applicatiors, fungal invasion must be suspected in 
any persistent corneal ulceration where a corticosterole has been used or is in use. 


Intraocular pressure should be checked frequently. 


Carcinogenesis, mutagenesis, Impairment of fertility: No “tudies have been conducted in animals 
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Nursing Mothers: It is not known whether topical ophthalrres administration of corticosteroids could 
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ADVERSE REACTIONS: Adverse reactions include, in decssasing order of frequency, elevation of 
intraocular pressure (IOP) with possible development of cotic nerve damage; loss of visual acuity 
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Inflammation: 


Many medications 


have been formulated 


to reduce it. But when it 


comes to long-term inflammation 
therapy, theres something we'd like you 
-to remember. There is a proven, time-tested 
Steroid that safely and effectively reduces or _ 
-eliminates inflammation with a lower propensity to raise 
~ 10P than dexamethasone. It penetrates ocular tissue for effective 


drug delivery. Its microfine suspension provides an opportunity for rapid 
absorption. Itis, in fact, one of the most frequently prescribed anti-inflammatory ocular 











| medications | in existence. By now it should all be very clear. For long-term control, Jl, switch to FML e 


etholone) 0.1% 
ophthalmic suspension 
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fions are subject to editorial review and editing and will be 
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the patient was so unruly that it was considered unsafe to continue. This also explained why 
the earlier results were better, because less skill and greater timidity prevented us from doing 
more manipulating than we did subsequently. 


SourcE Green AS, Green LD, Green MI. Glaucoma: factors underlying success 
in trephining. Arch Ophthalmol. 1930;3:297 
Bk C i E 
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Does an ophthalmic laser have to intimidate 
the patient by its bulk? Or the physician by 
its complexity? 

Nidek doesn't think so. 

So we ve been building a big business 
in small lasers for 18 years. Lasers for every 
need: Nd:YAG, argon, krypton, and dye. 
Even the world's first diode laser powerful 
enough to be really effective. 

Each compact unit is developed at 
our U.S. facility to provide space-savings 
and patient confidence while maintaining 
unsurpassed performance, reliability 
and operating ease.. 





By combining Japanese electronics 


and optics with the finest U.S. laser compo- 


nents you get the best of both worlds. 
Because reliability is so crucial, we 
employ every technique to extend system 
life. The exclusive low-duty-cycle design of 
our argon-based lasers, for instance, is a 
real tube-saver. To date, there have been 
no reported tube failures from the field. 
Careful efforts to combine perfor- 
mance with practicality have made Nidek 
the world’s second largest ophthalmic 
laser company. We employ 800 people 
and have $128 million in annual sales. 


SMALL MIRACLES. 


And we're growing fast. 

For more laser information, write: 
Nidek, Inc., 2460 Embarcadero Way, 
Palo Alto, CA 94303. Or simply call: 
(800) 223-9044. 

Because Nidek knows it’s the little 
things that pay off big. 
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Effectiveness of Radial Keratotomy 


To the Editor.—In the April 1989 issue of the ARCHIVES, 
Arrowsmith and Marks! concluded in their article on radial 
keratotomy that “Overall, these results indicate RK [radial 
keratotomy] to be safe and effective through 5 years after 
surgery for the vast majority of patients in this series.” 
They indicate that after 5 years 26.8% of eyes operated on 
have hyperopia greater than 1 diopter and 6.5% have my- 
opia greater than 2 D. This seems to me to be a failure rate 
of 33.3%, with 26.8% of patients (those with hyperopia) be- 
ing distinctly worse off after surgery. I do not consider 
66.6% to be a “vast” majority. 
Effectiveness is in the eyes of the beholder and apparently 
in only two thirds of the eyes of these patients. 
JAMES ACE Brown, MD 
Augusta, Ga 


1. Arrowsmitl’PN, Marks RG. Visual, refractive, and keratometric results 
of radial keratotomy: five-year follow-up. Arch Ophthalmol. 1989;107:506-511. 


In Reply.—The number of eyes in our study with more than 
1 D of hyperopia at 5 years is 41 (33% ), and with more than 
2 D of myopia is 10 (8%). For 7 of the myopic eyes, the av- 
erage preoperative spherical equivalent was —9.9 D with an 
average 5-year spherical equivalent of —3.9 D, representing 
an average 6-D gain over 5 years. 

The other 3 myopic eyes averaged —8.3 D preoperatively 
and —6.6 at 5 years, a gain of only 1.7 D. Also, 9 of these 10 
eyes had counting fingers visual acuity before surgery, and 
the average gain was to between 20/100 and 20/200 uncor- 
rected visual acuity. Thus, 7 of the myopic eyes had a very 
effective result, even though they were still myopic, and 
surgery on 3-eyes resulted in minimal effectiveness. 

For the 41 hyperopic eyes, the average spherical equiva- 
lent at 5 years was 2.1 D, with 26 eyes (63% ) having less than 
2 D of hyperapia. One eye had a 5-year spherical equivalent 
greater than 4.4 D, that being 6.8 D. Twenty-three of these 
eyes (56%) kad counting fingers visual acuity before sur- 
gery and all but 1 eye had 20/200 or worse. At 5 years after 
surgery, 29 (71%) of these eyes had 20/40 or better uncor- 
rected visual acuity, and 36 eyes (88% ) had 20/60 or better 
uncorrected visual acuity. 

It is important to remember that the cases reported in 
this article were the first radial keratotomy procedures 
performed in our series and some of the first in this coun- 
try. The patients with higher myopia in this early series (up 
to —16 D) were not expected to achieve a plano result, but 
still had a successful result if much of the myopia was 
eliminated by surgery. The goal for patients with moderate 
myopia in this early series was plano, and it is expected that 
a number ef those patients would end up on the hyperopic 
side of plano. We believe these results indicate that 43 (84% ) 
of the 51 cases identified by Dr Brown had an effective 
functional result based on their 5-year refraction and visual 
acuity results and only 8 (7% ) of the 123 cases reported had 
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a marginal result using Dr Brown’s criteria. We believe our 
original conclusion is supported by these results. 
PETER N. ARROWSMITH, MD 
Nashville, Tenn 


RONALD G. Marks, PHD 
Gainesville, Fla 


Ketamine and Retinal Ischemia 


To the Editor.—We were most interested to read the arti- 
cle by Blair et al! in the March issue of the ARCHIVES 
regarding the impressive results obtained by vitreous cav- 
ity perfusion in eyes with severe experimental ischemia. 

It is noteworthy that three eyes in their comparison 
group (control eyes subjected to 75 to 240 minutes of 
ischemia generated by intraocular pressures of 170 mm Hg) 
“appeared to be fairly normal.” They attribute this unex- 
pected absence of ischemic damage to variable amounts of 
glucose remaining in the vitreous cavity fluid of eyes that 
had previously undergone vitrectomy. 

An alternate explanation occurred to us. We noted that 
all animals were anesthetized with ketamine hydrochlo- 
ride, given as an initial bolus (22 mg/kg) followed by a con- 
tinuous infusion of 0.33 mg/kg per minute. Ketamine 
crosses the blood-brain barrier freely and is presumed 
therefore to cross the blood-retinal barrier well. It is note- 
worthy that ketamine has a major -methyl-D-aspartate 
(NMDA)-receptor blocking action’ and that chemicals act- 
ing at the NMDA receptor have been implicated in the gen- 
esis of neuronal“ and retinal’ ischemic damage. Drugs that 
block the NMDA receptor have been shown to prevent 
ischemic neuronal injury when given either at the time of 
ischemia or after its onset.® The effect of NMDA-receptor 
blockade may explain why three of their control eyes in 
group 3 had no signs of retinal ischemia. 

Although all animals received ketamine, ischemic 
changes were seen in more control eyes than those treated 
with vitreous cavity perfusion. If ketamine has a protective 
effect, it is evident that NMDA blockade alone is not suffi- 
cient to protect eyes from the very severe retinal ischemia 
induced in the study by Blair et al. 

The results of their study indicate that glucose and oxy- 
gen perfusion influence the consequences of ischemia; how- 
ever, the protective effect may be additive to that of 
NMDA-receptor blockade. It would be useful to control for 
the effect of NMDA-receptor blockers to define a therapy 
that may have important clinical application. 

ALAN C. BIRD MD, FRCS 
MICHAEL J. LAVIN, FRCS 
London, England 


The authors have no commercial or proprietary interest in ketamine. 


1. Blair NP, Baker DS, Rhode JP, et al. Vitreoperfusion: a new approach 
to ocular ischemia. Arch Ophthalmol. 1989;10%417-423. 
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3. Rothman S. Synaptic release of excitatory amino acid neurotransmit- 
ter mediates anoxic neuronal death. J Neurosci. 1984;4:1884-1891. 

4. Simon RP, Swan JH, Griffiths T, Meldrum BS. Blockade of N-methyl- 
D-aspartate receptors may protect against ischaemic damage in the brain. 
Science. 1984;226:850-852. 

5. David P, Lusky M, Teichberg VI. Involvement of excitatory neurotrans- 
mitters in the damage produced in chick embryo retinas by anoxia and ex- 
tracellular high potassium. Exp Eye Res. 1988:46:657-662. 
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In Reply.—We appreciate the comments by Drs Lavin and 
Bird regarding our article. At the time the experiment was 
planned, we were not aware of the NMDA-receptor block- 
ing action of ketamine. This factor may indeed have 
contributed to the surprising tolerance of some of our con- 
trol eyes to ischemia for up to 240 minutes and to the favor- 
able outcome in our vitreoperfusion group. We are currently 
assessing the role of this receptor in the pathophysiology of 
ischemic cell injury using our vitreoperfusion technique. 
NORMAN P. BLAIR, MD 
Chicago, Ill 


Freezing and Acanthamoeba 


To the Editor. —We read with interest the article by Matoba 
and associates! in the March 1989 issue of the ARCHIVES and 
compliment the authors on a well-executed study. We wish, 
however, to clarify the authors’ interpretation of results of 
a similar experiment we conducted using cryotherapy alone 
to eliminate Acanthamoeba organisms.’ Although Matoba 
and associates reported that their results were in “distinct 
contrast” to ours, in essence, it appears that they have 
demonstrated results that are consistent, ie, Acanthamoeba 
polyphaga and Acanthamoeba castellanii cysts can survive 
a freeze-thaw-refreeze trial. In fact, we made no attempt to 
quantitate the organisms surviving the cryotherapy in our 
experiment and therefore do not know if our cryotherapeu- 
tic trials had “no effect” on the viability of Acanthamoeba 
cysts as Matoba and associates have stated. If our statement 
that “all Acanthamoeba cysts survived” was interpreted as 
a quantitative assessment, we apologize for the confusion. 
We were referring to the fact that cysts of all species tested 
survived in all trials, recognizing that no attempt was made 
to assess the number of survivors as reflected in our exper- 
imental methods. 

Another observation is that both studies have shown that 
for the strains tested, A castellanii may be more suscepti- 
ble than A polyphaga to a cryotherapeutic technique. Dif- 
ferences in susceptibility between species have been previ- 
ously observed in other experiments.’ Therefore, we agree 
with the authors that variability among species and strains 
of Acanthamoeba may affect the outcome of experiments 
evaluating their survival. 

We support the authors in their assertion that the role of 
cryotherapy in the treatment of Acanthamoeba keratitis is 
not yet clear. It is undetermined whether allowing any or- 
ganisms to survive cryotherapy is acceptable, and caution 
should be exercised in the estimation of the role and efficacy 
of cryotherapy alone in the treatment of Acanthamoeba 
keratitis. We are, however, intrigued by the results of the 
authors’ experiment showing eradication of Acanthamoeba 
cysts by cryotherapy followed by antimicrobial exposure. 

Davip M. MEISLER, MD 
ISOBEL RUTHERFORD, MD 
Cleveland, Ohio 


1420 Arch Ophthalmol—Vol 107, October 1989 


1. Matoba AY, Pare PD, Le TD, Osato MS. The effects of freezing and an- 
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1989;107:439-440. 

2. Meisler DM, Ludwig IH, Rutherford I, Bican FE, Langston RHS, Vis- 
vesvara GS. Susceptibility of Acanthamoeba to cryotherapeutic method. 
Arch Ophthalmol. 1986;104:130-131. Pa 

3. Ludwig IH, Meisler DM, Rutherford I, Bican FE, Langston RHS, Vis-A. 
vesvara GS. Susceptibility of Acanthamoeba to soft contact lens disinfection 
systems. Invest Ophthalmol Vis Sci. 1986:27:626-628. 


In Reply.—We value the comments of Drs Meisler and Ru- 
therford and appreciate their interest in our article. In fact, 
it was our impression that their experiments had demon- 
strated little or no effect of cryotherapy on Acanthamoeba 
cysts based on the following statements: “Motile trophozo- 
ites were observed by day 1 in all trials testing A polyphaga 
cysts,”! “Motile trophozoites were observed by day 3 in all 
trials testing A castellanii cysts,” and “In this study, all 
Acanthamoeba cysts survived cryotherapeutic methods.” 
Therefore, we appreciate their comments illuminating the 
fact that no attempts were made to quantify their results. 
However, we believe that our results are, in some respects, 
in contrast to their data because A castellanii cysts ap- 
peared to be eradicated in two of three experiments in which 
we could not detect any evidence of viable trophozoites by 
day 12 following cryotherapy.’ Thus, our data raise the pos- 
sibility that under some circumstances cryotherapy may be 
capable of eradicating Acanthamoeba cysts. We wish to 
emphasize that in all other respects we agree with Dr 
Meisler and his associates in their conclusions. We agree 
that a clarification was needed, because other authors ap- 
parently interpreted the report of Dr Meisler and associates 
as we did.’ 

ALICE MAToBAa, MD 

MIKE S. OsaTo, PHD 


Houston, Tex 


1. Meisler DM, Ludwig IH, Rutherford I, Bican FE, Langston RHS, Vis- 
vesvara GS. Susceptibility of Acanthamoeba to cryotherapeutic method. 
Arch Ophthalmol. 1986;104:130-131. 

2. Matoba AY, Pare PD, Le TD, Osato MS. The effects of freezing and an- 
tibiotics on the viability of Acanthamoeba cysts. Arch Ophthalmol. 1989; 
107:439-440. 

3. Binder PS. Cryotherapy for medically unresponsive Acanthamoeba 
keratitis. Cornea. 1989:8:106-114. 


Transforming Growth Factor Beta Does Not Work 
Without Angiogenesis In Vivo 


To the Editor.—I appreciate the observation of Smiddy et 
al' that transforming growth factor beta may be used for 
inducing a chorioretinal adhesion in the treatment of ret- 
inal tears. I must disagree, however, with their statement 
that no neovascularization was observed in any specimen. 

It is accepted generally that angiogenesis is an inherent 
part of repair. Since consensus is not a guarantor of truth, 
I would like to draw the readers’ attention to the fact that 
even Smiddy et al present neovascularization quite clearly. 
In Fig 5 of their article, black autoradiographic grains de- 
lineate discernible vascular lumina several times. Also, the 
largest solid black grains exceed the dimensions of individ- 
ual interstitial cells and represent the hyperplastic capil- 
lary sprouts that are observed in repair.’ 

So the original observation of Roberts et al? that trans- 
forming growth factor beta induces both angiogenesis and 
fibrosis is confirmed. 

JIRI R. BERANEK, MD 
Detroit, Mich 


1. Smiddy WE, Glaser BM, Green WR, et al. Transforming growth factor 
beta: a biologic chorioretinal glue. Arch Ophthalmol. 1989;107:577-580. 
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3. Roberts AB, Sporn MB, Assoian RK, et al. Transforming growth factor 
type-beta: rapid induction of fibrosis and angiogenesis in vivo and stimula- 
tion of collagen formation in vitro. Proc Natl Acad Sci USA. 1986;83:4167- 
4171. 


In Reply.—We appreciate the opportunity to respond to the 
comments of Dr Beranek concerning our study. While we 
acknowledge the possibility that neovascularization may be 
induced by transforming growth factor beta,' we are unable 
to identify the presence of retinal neovascularization in any 
of the experimental retinal lesions. In addition, we per- 
formed special stains using immunoperoxidase techniques 
fer factor VIII (ie, neovascular tissue), which were also 
negative. Clearly, as Dr Beranek points out, angiogenesis is 
often an inherent part of wound repair throughout the body 
in general, but is not a component of retinal wound healing. 
The size of a solid black region on an autoradiograph is 

not limited by the dimension of the individual interstitial 
cells sinee it represents a photographic exposure of an 
emulsion overlying the tissue. Therefore, with particularly 
“hot” cells, the autoradiograph can demonstrate a black 
mark of aggregated grains that exceeds the dimension of 
the eell responsible for it. 

WILLIAM E. Smippy, MD 

Miami, Fla 

BERT GLASER, MD 

W. RICHARD GREEN, MD 

Baltimore, Md 
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Hemicoronal Flap Approach for Lateral Orbitotomy 


To the Editor.—In the December 1988 issue of the ARCHIVES, 
Stewart et al' described and illustrated the technique of a 
bicoronal scalp flap to perform a lateral orbitotomy. In ad- 
dition to the advantage of expanded extraorbital exposure, 
the technique alse avoids facial scars that may be trouble- 
some to selected patients. We offer a modification of this 
approach, which is helpful in selected patients. Since most 
surgical orbital disorders are unilateral, we have found that 
a unilateral, Dandy-type scalp flap will offer the same ben- 
efits as a bicoronal flap while minimizing surgical time, 
wound area, and other complications relative to flap size.’ 

The hemicoronal flap is developed via an incision extend- 
ing from 1 cm below the zygoma and just anterior to the ear, 
coursing superiorly several centimeters posterior to the 
hair line, and stopping at the midline (Fig 1). The hemi- 
coronal fiap is then developed anteriorly using the subgaleal 
plane similar to the bicoronal technique. The flap will then 
reflect over the face to expose the lateral and superior or- 
bital margin down to the zygomatic arch (Fig 2). The 
refleetion.of the temporalis muscle, orbital osteotomy, and 
orbital dissection is then performed in standard fashion. 
The wound is closed in layers, and a suction drain is placed 
beneath the flap and exits through a separate incision. A 
tailored scalp dressing with gauze wrapping is then applied. 

While the lateral orbitotomy is usually performed via 
standard periorbital approaches, remote incision tech- 
niques oceasionally are useful. When such a technique is 
indicated, we have found the hemicoronal flap approach to 
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Fig 1.—The hemicoronal flap incision extends from just anterior to the 
ear to several centimeters behind the hairline up to the peak. 


Fig 2.—With the flap reflected, the superoiateral portions of the orbital 
rim are exposed. The temporalis muscle is shown reflected, and the 
planned orbital osteotomy is outlined by dotted lines. 
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offer excellent exposure while minimizing morbidity and 
operating time. 
JAMES R. PATRINELY, MD 
DaviD A. CECH, MD 
Houston, Tex 


1. Stewart WB, Levin PS, Toth BA. Orbital surgery: the technique of 
coronal scalp flap approach to the lateral orbitotomy. Arch Ophthalmol. 
1988;106:1724-1726. 

2. Dandy WE. Brain surgery: removal of certain deep-seated brain tumors; 
intracranial approach with concealed incisions. Ann Surg. 1925;82:513. 


Examination of Wheelchair-Bound Patients 


To the Editor.—We read with interest the modifications 
suggested by Javitt' in slit-lamp examination of wheel- 
chair-bound patients. We frequently examine mentally re- 
tarded, elderly, and hospitalized, debilitated children and 
adults who are confined to a wheelchair. Each examination 
room in our clinic is equipped with the pole-mounted slit 
lamp. It can be conveniently rotated away from the stan- 
dard examination chair to move the wheelchair-bound pa- 
tient in position for examination without transferring him 
or her to the regular chair. It can be moved up and dewn to 
a comfortable height for children, the short-statured, and 
the kyphotic patient in the wheelchair. Its weight is 
supported by the mount pole and it does not carry the risk 
of tipping over even if the patient leans over it. Additional 
equipment, such as a Phoropter, can be mounted on the 
same pole for a complete and easy examination without 
moving the patient. 

The slit lamp suggested by Javitt can be slid forward for 
examining the patient in the wheelchair and it seems very 
practical. However, the central board-piece between the 
two-toothed tracks is not required. Rather, it obstructs the 
examiner from moving, and he has to lean forward to use 
the slit lamp (Fig 3 in the publication by Javitt). By remov- 
ing this extra piece, the examiner can easily move closer to 
the slit lamp and the patient for a comfortable examination. 
This additional modification will make the slit lamp sug- 
gested by Javitt even more practical and comfortable. 

We recommend the use of a pole-mounted slit lamp to ex- 
amine normal as well as wheelchair-bound patients with 
equal comfort and no additional cost. 

GURINDER SINGH, MD 
Los Angeles, Calif 


1. Javitt JC. A modified slit lamp for examination of wheelchair-bound 
patients. Arch Ophthalmol. 1989;107:453-454. 


A Private Pilot Learns 


To the Editor.—With the number of our colleagues who are 
private pilots and the dubious reputation of “professionals” 
as recreational pilots, I think it is appropriate to share a 
personal mishap with others so that they can avoid my re- 
cent flight plight. 

After a year and a half of uneventful flying and “greased” 
landings in my Beechcraft Sierra, I found myself starting 
to bounce into my favorite landing strips about a month ago. 
One perfect Saturday morning, I went out to refine my 
landing technique, and on the eighth go-around I bounced 
in, ballooned, and came down nose first; the plane was to- 
taled, but I fortunately walked away from it with only my 
pride damaged. 

The following morning, flying with an instructor, I set up 
the identical sequence of events that would have led to a 
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similar outcome. When starting my round-out to touch 
down, the instructor advised me I was 10 ft above the run- 
way! Then came the key question: “Were you wearing those 
glasses yesterday?” Since it was 8:30 AM and I was attempt- 
ing to land with the sun in my eyes, I replied that I had, in 
fact, been wearing glasses. “Take them off and go around 
again,” were my instructions, and I greased the landing just 
like the good old days. 

Bifocals! I’m absolutely emmetropic, but as I approach 49 
years of age, I can no longer read my kneeboard for clear- 
ances, etc. So I did the only logical thing: I wrote myself a 
prescription for bilateral plano sunglasses with a +1.50 add 
and started flying with them a month ago! My routine land- 
ing procedure was quite simple: fly the airplane onto the 
centerline of the runway and glance to my left side to judge 
when to start my round-out. Through the bifocal segments 
the ground was magnified to the point that my ability to 
judge my approach altitude for my round-out was grossly 
altered! 

Those of you who fly know how close friends one becomes 
with the Federal Aviation Administration and the National 
Transportation Safety Board in very short order after an 
accident; and virtually every one of the officials with whom 
I discussed the accident said essentially the same thing: 
“Typical bifocal accident!” One commercial pilot’s face lit 
up as I related my misadventure to him: “No wonder I’ve 
been having trouble landing my 757 for the past 2 weeks!” 

It behooves all of us to share with our flying colleagues 
and patients this well-recognized yet little-publicized haz- 
ard. A word of caution about the potential spatial disorien- 
tation risks that face pilots with new glasses, bifocals, or 
single vision may well save a life here and there. 

BARTON L. HopEs, MD 
Tucson, Ariz 


| Have Seen the Light (and It Hurts!) 


To the Editor.—You do not know me; however, I’m sure 
you’ve heard of me. I am, by many of your colleagues’ stan- 
dards, the most difficult patient in the world. You see, I am 
a photophobic. Photophobics are an ophthalmologist’s 
nightmare. We are not equipped to “look into the light” or 
“look across the room” while a beam of light is shining into 
our very souls. You may not believe this, but we cannot help 
it. We are not trying to be difficult; we just fear the light. 

I was at the ophthalmologist’s office yesterday. She was 
forced to manually hold my eyelids open. This is not new to 
me, yet she acted as if this had never occurred before in her 
practice. After several drops and dyes and colored lights, 
my flinches of immense discomfort turned into a moan I just 
could not contain. She hastily flicked off her flashlight and 
fumed, “Oh, forget it!” 

I can understand your position. You see dozens of patients 
each day, and they all help you help them. That’s the way 
it should be, but photophobics cannot be expected to live up 
to this standard. We can help you help us, but not to the ex- 
tent that a nonphotophobic can. We thrive on reinforce- 
ment; a kind “Oh you’re doing very good... just a little 
more.” This is all we ask for—a little understanding. 

I thought of starting a support group for photophobics. 
We'd meet after dark in some dank church basement and 
exchange horror stories about our not-so-understanding 
ophthalmologists. 

EvA MAHONEY 
Buffalo, NY 
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Visual Field Interpretation With Empiric 
Probability Maps 


To the Editor.—Heij] et al’ have clearly shown the useful- 
ness of empiric total deviation probability maps (TDPMs) 
and pattern deviation probability maps (PDPMs) in visual 
field interpretation. However, since the PDPM allows the 
clinician to “focus on localized field loss as opposed to dif- 
fuse loss of sensitivity,” all too often I have seen clinicians 
relying on the PDPM to identify visual field loss, while dis- 
regarding the TDPM and the reliability criteria (<20% fix- 
ation losses, <33% false-positive errors, and <33% false- 
negative errors). Heijl and colleagues presented an exam- 
ple of significant, diffuse depressions in the TDPM but 
normal-appearing PDPM. The converse situation of a nor- 
mal TDPM but falsely abnormal PDPM can occur as shown 
below. 

In situations with high fixation losses or high false-pos- 
itive errors, the patient’s measured threshold values 
(Figure, A) at several test points may be higher than the 
age-corrected normal threshold values, as reflected by the 
positive numbers in the numerical total deviation map 
(Figure, C). Since the TDPM is created by comparison with 
only the lower (excluding the upper) 5%, 2%, 1%, and 0.5% 
of empiric prediction limits for normality at each specific 
location, those sensitivities that are greater than the age- 
corrected normals are reported as nonsignificant deviations 
(single dots) in the TDPM (Figure, E). When the differences 
between the patient and the age-corrected normal thresh- 
eld values (numerical total deviation; Figure, C) for all 
points within the central 24° are ranked from the most to 
the least difference, the seventh highest measured differ- 
encethat is used to calculate the pattern deviation is falsely 
elevated. Hence, when this seventh highest measured dif- 
ference is subtracted from each of the deviations in the nu- 
merical TDPM to create the numerical pattern deviation 
map (Figure, D) and the PDPM (Figure, F), false-positive 
visual field defects are created. The traditional gray-scaled 
ehart (Figure, B) will show “white defects” corresponding 
with areas of falsely elevated threshold sensitivities, rather 
than the usually darkened areas of visual loss. 

Clinicians interpreting computerized visual field data 
should pay particular attention to the reliability criteria, 
and to both the TDPMs and PDPMs, lest they be led astray. 

LENWORTH N. JoHNSON, MD 
Hershey, Pa 


1. Heijl A,Lindgren G, Olsson J, Asman P. Visual field interpretation with 
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False-positive visual field defects are created in the pattern deviation 
probability map (F) despite the normal totaldeviation probability map (E). 
The visual field test had 45% fixation losses and 60% false-positive er- 
rors. Areas of falsely elevated threshold sensitivities are represented by 
“white defects” in the gray-scaled (B) threshold chart. Traditional nu- 
merical threshold chart (A), numerical total deviation (C), and pattern 
deviation (D) maps are indicated. 
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The New Math 


One school of thought considers Propine and pilocarpine 
to be equivalent in the ‘concomitant therapy equation. They 
are anything but. 

Propine is nonmiotic. It will not cause the inconvenience 
frequently associated with miosis. 

And Propine’s b.i.d. dosage is simpler than the typical daily 
regimen of q.i.d. pilocarpine-which may help conapliance. 

As might the C Cap Compliance Cap!" which sits 
atop every bottle. 


Propine or pilocarpine? Today's answer is clear. 


Propine” (dipivefrin HCI 
ophthalmic solution, USP, 0.1% with 
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PROPINE“dipivefrin HCl) 


ophthalmic solution, USP. 0.1% with 
C CAP i Compliance Cap B.I.D. 


INDICATIONS: Propine (dipivefrin HCl) is indicated as initial 
therapy for the control of intraocular pressure in chronic open- 
angle glaucoma. Patients responding inadequately to other 
antiglaucoma therapy may respond to addition of Propine. In 
controlled and open-label studies of glaucoma, Propine 
demonstrated a statistically significant intraocular pressure- 
lowering effect. Patients using Propine twice daily in studies 
with mean durations of 76-146 days experienced mean pres- 
sure reductions ranging from 20-24% Therapeutic response 
to Propine twice daily is somewhat less than 2% epinephrine 
twice daily. Controlled studies showed statistically Significant 
differences in lowering of intraocular pressure between Propine 
and 2% epinephrine. In controlled Studies in patients with a 
history of epinephrine intolerance, only 3% of patients treated 
with Propine exhibited intolerance, while 55% of those treated 
with epinephrine again developed intolerance. Therapeutic 
response fo Propine twice daily therapy is comparable to 2% 
pilocarpine 4 times daily. In controlled clinical studies com- 
paring Propine and 2% pilocarpine, there were no Statistically 
significant differences in the maintenance of IOP levels forthe 
two medications, Propine does not produce miosis or accom- 
modative spasm which Cholinergic agents are known to 
produce. The blurred vision and night blindness often asso- 
ciated with miotic agents are not present with Propine therapy, 
Patients with cataracts avoid the inability to see around len- 
ticular opacities caused by constricted pupil. CONTRAINDICA- 
TIONS: Propine® should not be used in patients with narrow 
angles since any dilation of the pupil may predispose the patient 
to an attack of angle-closure glaucoma, This product is con- 
traindicated in patients who are hypersensitive to any of its com- 
ponents. PRECAUTIONS: Aphakic Patients. Macular edema has 
been shown to occur in Up to 30% of aphakic patients treated 
with epinephrine. Discontinuation of epinephrine generally 
results in reversal of the maculopathy. Pregnancy: Pregnancy 
Category B. Reproduction Studies have been performed in rats 
and rabbits at daily oral doses up to 10 mg/kg body weight 
(5 mg/kg in teratogenicity Studies), and have revealed no 
evidence of impaired fertility or harm to the fetus due to 
dipivefrin HCI. There are, however, no adequate and well- 
controlled studies in pregnant women. Because animal 
reproduction studies are not always predictive of human 
response, this drug should be used during pregnancy only if 
clearly needed. Nursing Mothers. It is not known whether this 
drug is excreted in human milk. Because many drugs are 
excreted in human milk, caution should be exercised when 
Propine is administered to a nursing woman. Usage in Children. 
Clinical studies for safety and efficacy in children have not been 
done. Animal Studies. Rabbit Studies indicated a dose-related 
incidence of meibomian gland retention cysts following topical 
administration of both dipivefrin hydrochloride and epinephrine. 
ADVERSE REACTIONS: Cardiovascular Effects. Tachycardia, 
arrhythmias and hypertension have been reported with ocular 
administration of epinephrine Local Effects. The most frequent 
side effects reported with Propine alone were in jection in6.5% 
of patients and burning and stinging in 6%. Follicular conjunc- 
tivitis, mydriasis and allergic reactions to Propine have been 
reported infrequently. Epinephrine therapy can lead to 
adrenochrome deposits in the conjunctiva and cornea. 
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Case Reports 


DM SODOR ae ee 
Late Endophthalmitis After 
Transscleral Fixation of a 

Posterior Chamber Intraocular 

Lens 





To the Editer.—Transscleral fixation 
of a posterior chamber intraocular 
lens (IOL) has recently been described 
as a method of repositioning posteri- 
orly dislocated IOLs or implanting 
TOLs in the absence of posterior cap- 
sular support. As with any intraocu- 
lar procedure, the potential risk of en- 
dophthalmitis exists, although, to our 
knowledge; this complication has not 
been described after transscleral fixa- 
tion of a posterior chamber IOL. 


Report of a Case.—A 44-year-old man 
had blunt trauma to his left eye 1 month 
after secondary implantation of a posterior 
chamber IOL. The trauma caused a rupture 
ef the limbal incision, vitreous to the 
wound, retinal detachment, and posterior 
dislocation of the IOL. The macula re- 
mained attached, and the initial visual acu- 
ity was 20/50 despite a bullous nasal retinal 
detachment. 

After initial wound repair, a pars plana 
vitrectomy and retinal detachment repair 
were performed. In the air-filled eye, the 
lens haptics were delivered through the su- 
peronasal and inferotemporal sclerotomies 
and were attached to a 9-0 prolene suture. 
The sutures were then tied to the sclera ad- 
jacent to the sclerotomies to suspend the 
posterior chamber implant from the anter- 
ior pars plana region, and the sclerotomies 
were closed with an absorbable suture. The 
conjunctiva was closed over the scleroto- 
mies. 

Five months later, the patient had a 
visual acuity of 20/25 OS but noted minor 
discomfort. Four days later, he awoke with 
pain and severely diminished vision. At 
presentatiemhe had light perception visual 
acuity and clinical signs of acute endoph- 
thalmitis, including hypopyon and absence 
of a red reflex. Slit-lamp examination re- 
vealed that the superonasal prolene suture 
was protruding through the conjunctiva 
and was surrounded by a conjunctival mi- 
croabscess (Figure). There was no vitreous 
seen protruding through the suture track. 
The limba! mcision was intact. 
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The patient underwent an immediate 
pars plana vitrectomy followed by an injec- 
tion of intravitreal antibiotics (1 mg of 
vancomycin hydrochloride, 0.1 mg of gen- 
tamicin sulfate). The superonasal prolene 
suture was pulled away from the globe, cut 
flush with the globe, and allowed to retract 
through the sclera without IOL dislocation. 
The conjunctiva was opened inferiorly and 
the ends of the inferotemporal suture were 
trimmed, but the knot was left in place. The 
conjunctiva was then closed over the knot. 
The vitreous culture yielded Haemophilus 
influenzae, while conjunctival and suture 
cultures were negative. 

Four months later, the IOL dislocated 
posteriorly —being hinged by the remain- 
ing inferotemporal fixation suture—but 
visual acuity returned to 20/30 with aph- 
akic correction. The retina remained at- 
tached. 


Comment.—Several techniques have 
been described for IOL fixation in the 
absence of capsular support, using 
both iris and scleral fixation sutures.'” 
A potential shortcoming of the latter 
technique is having a permanent su- 
ture passing internally from the hap- 
tic externally to the scleral surface, 
thus providing a track for bacteria to 
gain entrance into the eye. 

Our patient illustrates this compli- 
cation. The organism cultured, H in- 
fluenzae, is a common cause of endoph- 
thalmitis in eyes with conjunctival fil- 
tering blebs. A suture track into the 
eye is a similar situation and has the 
potential for delayed-onset endoph- 
thalmitis. In our patient, however, the 
suture ends eroded through the over- 
lying conjunctiva, providing a track 
for the organisms into the vitreous 
cavity. 

To avoid such a suture track, the 
prolene suture may be secured to the 
sclera under an overlying partial- 
thickness scleral flap as previously 
described.: A scleral bite can also be 
taken posterior to the sclerotomy, and 
the suture can be tied to itself, thus 
directing the free suture ends 
posteriorly.’ Additionally, the haptic 
sutures may be used to close the scle- 
rotomy such that the knot is buried 





External view of the left eye showing exposed 
prolene suture (arrow) with surrounding con- 
junctival microabscess. Note hypopyon. 


within the sclerotomy, eliminating ex- 
posed suture ends. Finally, 10-0 
prolene will result in a slightly smaller 
suture track compared with the 9-0 
prolene as used in this case. 

As transscleral fixation of IOLs be- 
comes more prevalent, one must be 
aware of the potential for delayed- 
onset endophthalmitis. Eyes with ex- 
posed transscleral suture ends should 
be followed up closely, and if conjunc- 
tival irritation or conjunctivitis devel- 
ops, consideration should be given for 
trimming the expesed suture ends or 
refixation of the IOL with scleral flaps 
covering the sutures. 

Topp Hermskov, MD 

BRIAN C. JOONDEPH, MD 
KARL R. OLSEN, MD 

GEORGE W. BLANKENSHIP, MD 
Miami, Fla 


Reprint requests to Bascom Palmer Eye Insti- 
tute, PO Box 16880, Miami, FL 33101 (Dr Olsen). 
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Medial Rectus Injury After 
Pterygium Excision 





To the Editor.—Extraocular muscle 
injury is an unusual sequela of ptery- 
gium surgery, although the area of 
dissection is just adjacent to these 
structures.'’ We have seen three pa- 
tients who experienced the acute onset 
of horizontal diplopia following exci- 
sion of a nasal pterygium. In all pa- 
tients, noncomitant exotropia and 
marked adduction deficiency were ob- 
served. 


Report of Cases.—CAsE 1.—A 53-year-old 
woman noted horizontal diplopia immedi- 
ately following excision of an extensive na- 
sal pterygium of the left eye. When seen on 
the fourth postoperative day, adduction 
was possible only to the midline, with 
observably slow nasal saccades and exotro- 
pia (Fig 1). The nasal sclera of the eye op- 
erated on was bare from the limbus for 
about 9 mm. On the following day, surgical 
exploration was performed. The traction 
test indicated no restrictions. The left me- 
dial rectus was found to be disinserted and 
was reattached just behind its original in- 
sertion site along with adjustable recession 
of the left lateral rectus. Two weeks later, 
the patient had straight eyes, no diplopia, 
and minimally limited adduction of the left 
eye (Fig 2). 

CASE 2.—A 28-year-old man experienced 
horizontal diplopia following excision of a 
recurrent nasal pterygium of the left eye. 
The biopsy specimen of the excised tissue 
included skeletal muscle fibers. Examina- 
tion on the second postoperative day re- 
vealed bare nasal sclera extending 12 mm 
posteriorly, adduction to the midline only, 
and slow adduction saccades. There was 


primary position exotropia, which in- 
creased in right gaze. Surgical exploration 
the following day indicated no restrictions 
on the traction test. The left medial rectus 
was found to be disinserted, but its distal 
edge was observed emerging through the 
orbital fat. The line of transection was 
muscular rather than tendinous. The mus- 
cle was reinserted at its original site and 
was accompanied by a left lateral rectus 
adjustable recession. Seven weeks after 
surgery, the eyes were straight in all posi- 
tions except for 10 prism diopters of esotro- 
pia in the extreme left gaze, with full 
adduction and only slight abduction limita- 
tion. Bifixational fusion and stereoacuity of 
40 seconds were recovered. 

CASE 3.—A 35-year-old man was exam- 
ined following removal of a recurrent nasal 
pterygium from the right eye. Diplopia, de- 
ficient adduction, and exotropia were 
present. At operation, the disinserted right 
medial rectus was found secondarily at- 
tached to the globe by its capsule and check 
ligaments. The muscle was resected and 
advanced to the original insertion site, with 
postoperative restoration of full adduction 
and disappearance of diplopia. 


Comment.—Extraocular muscle dis- 
insertion during pterygium excision is 
more likely in large, deep, and/or re- 
current pterygia. Preliminary identi- 
fication of the rectus muscle tendon 
prior to commencing dissection could 
prevent such injury. Unlike other sit- 
uations (eg, postoperative slippage) in 
which the diagnosis of extraocular 
muscle disinsertion initially may be in 
doubt, the presentation of these three 
patients left little question as to the 
nature of their difficulty. The strabis- 
mologist confronted with these find- 
ings should be prepared to undertake 


Fig 1.—Case 1. Absent adduction of the left eye (left) and exotropia (right) prior to surgery. 


~, 
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Fig 2.—Case 1. Improved adduction of the left eye (left) and straight eyes (right) 9 days after op- 


eration. 
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prompt surgical exploration to ensure 
the best chance for recovering the po- 
tentially lost muscle and to minimize 
contracture of the antagonist muscle. 


The principles of surgery for lost Fa 


muscles should be observed. These in-A 
clude adequate exposure, good illumi- 
nation, direct visualization, and mini- 
mal tissue manipulation. Each case 
has different requirements, but reat- 
tachment of the disinserted muscle is 
the first priority. When the muscle ap- 
pears to have been shortened, caution 
is necessary to minimize a restrictive 
overcorrection; adjustable suture 
techniques for reattachment should be 
considered. Reoperation might be re- 
quired, and limitation of rotation in an 
extreme of gaze may be an unavoidable 
occurrence. 

EDWARD L. RAAB, MD 

New York, NY 


HENRY S. METZ, MD 
Rochester, NY 


ForREST D. ELLIS, MD 
Indianapolis, Ind 
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Orbital Amyloidosis Involving 
the Extraocular Muscles 





To the Editor.—Orbital amyloidosis 
may be localized to the orbit alone 
(primary localized orbital amyloido- 
Sis) or may be associated with eyelid 
involvement and systemic amyloi- 
dosis.'? Primary localized orbital amy- 
loidosis is uncommon, especially if it is 
isolated to the extraocular muscles.” 
This report describes an unusual case 
of primary localized orbital amyloido- 
sis localized solely to the extraocular 
muscles, resulting in proptosis and re- 
stricted ocular motility. Enlarged ex- 
traocular muscles were shown on com- 
puted tomography, and massive infil- 
tration by amyloid was documented 
histopathologically. 


Report of a Case.—A 28-year-old woman 
was referred to the Mayo Clinic, Rochester, 
Minn, for evaluation of progressive right 
proptosis and horizontal diplopia of 1- 
year’s duration. Her medical history was 
otherwise normal and she specifically 
denied a history or symptoms of thyroid 
disease. Visual acuity was 20/20 OU. A 
30-diopter right-sided exotropia was 
present with complete inability to abduct or 
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Orbital computed*tomographic scan. Top, Ax- 
ial view. Bottom, Coronal view. Note fusiform 
enlargement of the right medial and lateral 
rectus museles. Tendinous insertions are in- 
volved. Note that orbital septum is not bulging. 


adduct the eye. Forced ductions of the right 
eye were restricted in both abduction and 
adduction. There was 4 mm of proptosis of 
the right giove. A prominent right lateral 
rectus muscle was palpable. The lids were 
normal in color and position. 

The results of biomicroscopy and a fun- 
duscepic examination were normal. A com- 
puted tomographic scan demonstrated fusi- 
form enlargement of the right medial and 
lateral rectus muscles with resultant prop- 
tosis (Figure). The results of a general 
medical examination, with special atten- 
tion directed to the thyroid, were normal. 
Test results for thyroxine, triiodothyrox- 
ine, and sensitive thyrotropin were normal. 

A right lateral rectus muscle recession 
and right medial rectus muscle resection 
was done to correct the exotropia and to 
obtain tissue for histopathologic examina- 
tion. Both muscles appeared markedly en- 
larged withan infiltrating yellow material. 
Biopsies of both muscles revealed amy- 
loid deposition in the connective tissue and 
vessel walls. Positive staining with congo 
red, erystal violet, and thioflavin-T estab- 
lished the diagnosis of amyloid. 

A medica! examination, including serum 
and urine immunoelectrophoresis, rectal 
biopsy, and bome marrow aspiration/bi- 
opsy, showed no evidence of amyloidosis or 
other concurrent disease. A diagnosis of 
primary loeatized orbital amyloidosis was 
made. The patient has maintained single 
vision in primary gaze with no evidence of 
systemic amyloidosis in a period of 26 
months of follow-up. 


Comment.—Amyloidosis may simu- 
late a variety of disorders involving 
the orbit and adnexa. The differential 
diagnosis depends on the location and 
extent of amyleid deposition and asso- 
ciated clinical symptoms.' Orbital 
amyloidosis localized to the extraocu- 
lar muscles is rare. To our knowledge, 
this is only thesecond reported case of 
primary lecalized orbital amyloidosis 
isolated to the extraocular muscles.’ 
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This report emphasizes three points. 
First, amyloid can infiltrate extraocu- 
lar muscles, resulting in marked en- 
largement of these muscles, proptosis, 
and restricted ocular motility. Graves’ 
ophthalmopathy was a consideration, 
although the apparent strict unilat- 
eral involvement, unusual pattern of 
involved medial rectus and lateral rec- 
tus muscles, involvement of the tendi- 
nous insertions, and lack of a bulging 
orbital septum favored some type of an 
infiltrative process. Amyloidosis 
should be considered in the differen- 
tial diagnosis of enlarged extraocular 
muscles. 

Second, extraocular muscle dysfunc- 
tion due to amyloidosis appears to re- 
spond to strabismus surgery. The pa- 
tient’s condition has remained stable 
following 26 months of follow-up. In 
addition, the diagnosis can also be es- 
tablished at the same time via inci- 
sional biopsy. 

Finally, although the disease in this 
patient has remained localized to the 
orbit, reports of localized orbital amy- 
loidosis with subsequent systemic 
amyloidosis have been described.' The 
true incidence of systemic amyloidosis 
and the temporal relationship between 
orbital amyloidosis and subsequent 
systemic disease has not been eluci- 
dated in the literature. In light of this, 
all patients with orbital amyloidosis 
should be evaluated carefully for un- 
derlying disorders associated with 
paraproteinemias, and all patients 
should be followed up closely for evolv- 
ing disease. 

JAY C. ERIE, MD 

JAMES A. GARRITY, MD 
MATTHEW E. NORMAN, MD 
Rochester, Minn 


1. Henderson JW. Miscellaneous orbital tu- 
mors. In: Orbital Tumors. 2nd ed. New York, NY: 
Brian C Decker Co; 1980:547-552. 

2. Jacobiec FA, Font RL. The orbit. In: Spencer 
WH, ed. Ophthalmic Pathology: An Atlas and 
Textbook. 3rd ed. Philadelphia, Pa: WB Saunders 
Co; 1986:2807-2812. 

3. Homstrom GE, Nyman KG. Primary orbital 
amyloidosis localized to an extraocular muscle. Br 
J Ophthalmol. 1987;71:32-33. 


Homonymous Hemianopia and 
Pattern Onset Hemifield Visual 
Evoked Potentials 


To the SKditor.—Hemifield visual 
evoked potentials (HVEPs) can pro- 
vide helpful objective evidence of a 
hemianopic field defect. We present a 
patient with a traumatic homonymous 
hemianopia in whom the defect was 
clinically obscured by a functional 
overlay but was clearly documented 
with HVEPs. 


Report of a Case.—A 25-year-old woman 
suffered a head injury with 5 days’ loss of 
consciousness follow ng a motor vehicle ac- 
cident. On awakening, she complained of 
headaches and dafficalty with left-sided vi- 
sion. Confrontatiom visual field testing 
showed left fielc loss on one occasion and 
normal results en another. The results of 
computed tomographic scanning and mag- 
netic resonance imaging of the head and 
full-field pattermreversal VEP and electro- 
encephalogram were reportedly normal. 
Because the results of these studies were 
normal, the patients visual loss was be- 
lieved to be nonorganic and either malin- 
gering or hysterical. 

The patient’s headaches and visual symp- 
toms persisted and 3 months following the 
accident she was referred for further eval- 
uation. On examination, her visual acuity 
was 20/20 OU and olor vision with Ishi- 
hara plates was normal. Both pupils were 
dilated and reacted s uggishly to light, pre- 
sumably due to her systemic medication, 
cyclobenzaprine hyerochloride (Flexeril) 
and amitriptyline hydrochloride (Elavil). 
On both confrontation field testing and pe- 
rimetry, there was a complete left homon- 
ymous hemianopia and constriction of the 
right visual field in each eye. With confron- 
tation testing at increasing distances, the 
right field did not appropriately expand. 
There was a suggest»on of temporal pallor 
of the right optic dise. The left disc was be- 
lieved to be normal. 

Over the next several months the patient 
developed definite temporal pallor of the 
right disc and a bow-<ie pattern of pallor of 
the left optic disc. The visual fields re- 
mained unchanged. “ second magnetic res- 
onance imaging scan with 3-mm sections 
through the optic tract failed to demon- 
strate the suspected esion in the right op- 
tic tract. 

Because there was litigation pending in 
this case and becaus2 of the apparent su- 
perimposed functional component to the 
patient’s field testing, we felt it important 
to try to document the visual field loss. 
Hemifield evoked potentials were recorded 
from pattern onset st-mulation. The patient 
viewed a video monicor 10° X 13° wide on 
which appeared a hgh-contrast checker- 
board pattern for 32 milliseconds once a 
second. The lummance of the blank screen 
was maintained equal to the average lumi- 
nance of the cheekerdoard. The check size 
was 12 minutes of are. A fixation light (red 
light-emitting diode was provided at the 
center of the right or left edge of the mon- 
itor. Electrodes were positioned on the pos- 
terior scalp at the midline 18° above the in- 
ion and 27° and 54° horizontally to each 
side. The reference 2lectrode was on the 
nose and the ground on the right mastoid. 

The Figure illustrates the VEPs for the 
right eye to fixation of the right and left 
edges of the monitor. For right edge fixa- 
tion (left hemifield) nesponses were nearly 
absent, while for le& edge fixation (right 
hemifield) the responses were normal. Sim- 
ilar responses were cbtained from the left 
eye, confirming a lef& homonymous hemi- 
anopia. 


Comment.—The detection of field 
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Visual evoked potentials, pattern onset in the right eye. The left column is for the left half field, the 
right column is for the right half field. Trace duration was 300 milliseconds (Monopolar recordings 


are positive upward; calibration, 5 uV). 


defects by VEPs has greatly improved 
in recent years. The use of full-field 
unstructured flash stimuli in early 
studies frequently failed to detect even 
dense hemianopic field loss and, hence, 
it gained little acceptance.' With the 


advent of hemifield pattern reversal 
stimuli, the detection of hemianopic 
defects has increased to 75% in some 
studies.’ Unlike pattern reversal VEPs 
that usually show only small ampli- 
tude differences between the two sides 


Currently in Other AMA Journals 
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of the scalp, hemifield pattern onset 
stimulation typically shows phase re- 
versal between the twe sides.’ Poten- 
tially, the detection of hemianopic de- 
fects would be further improved by the 
use of this technique. 

This case demonstrates that in se- 
lected patients HVEP testing can be of 
clinical value. The patient described 
here developed unequivocal optic disc 
pallor diagnostic of a right optic tract 
lesion, despite an inability to demon- 
strate a lesion neuroradiologically. Vi- 
sual field testing was difficult to inter- 
pret because of a functional overlay. 
The hemifield pattern onset VEP 
clearly documented the existence of a 
real field defect. 

RAYMOND A. BELL, MD 
Kingston, Ontario 

WILLIAM R. BIERSDORF, PHD 
Roy W. BECK, MD 

Tampa, Fla 


This study was supported in part by funds from 
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DESCRIPTION: MIOSTAT® (Carbachol 0.01%) isa 
sterile balanced salt solution of Carbachol for in- 
traocular injection. The active ingredient is repre- 
Hie by the chemical structure: [NH COOCH, 

N+ (CH.).ICI- ESTABLISHED NAME: Car 
badhol CHEMICAL NAME: Ethanaminium, 2- 
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ride. EachmLcontains: Active: Carbachol 0.01%. 
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AMA Looks Toward a Cure for US Health Care 


Chicago— The response of the American Medical Associa- 
tion (AMA) to increased pressure by Congress, the admin- 
istration, the business sector, and the public for radical re- 
structuring of the health care system is a plan to improve 
and strengthen the system without disrupting or destroy- 
ing it. 

“There has never been a health care system in the history 
of the world that is the equal of the US system,” states 
James H. Sammons, MD, AMA Executive Vice President. 
“We must alsomoncede that there are problems with the US 
health care system. We have our weaknesses, including 
limited access for the poor, the liability crisis, the complex- 
ity of thesystem, and escalating costs. Our goal is to develop 
a comprehensive plan of access to health care for every 
American, built upon the present pluralistic system of 
health care delivery.” 

The AMA’s Board of Trustees voiced its concerns at its 
annual meeting in July. The board discussed how to 

è provide a comprehensive cost-effective program of ac- 
cess to health care that builds on the present pluralistic 
system, 

e remedy the gaps that exist in health care coverage 
while maintaiming the many benefits available to a large 
percentage of Americans; 

e reduce the burden of unnecessarily complex govern- 
mental anc private insurance paperwork as well as the ex- 
cessive cost of the present professional liability system; and 

® present to the American people, Congress, the admin- 
istration, physicians, and various interest groups the ad- 
vantages of the US health care system. 

“Modifications in the system are needed to address cov- 
erage for the uninsured, the elderly, and the poor. These 
needs can be addressed through expanded coverage in the 
empleyment setting, Medicare reform, and Medicaid ex- 
pansion,” states Report AAA of the Board of Trustees. 

Proposed changes in Medicaid would include reform and 
expansion to emsure uniform eligibility, uniform minimum 
benefits, and broad access for recipients through adequate 
physician and hospital reimbursement levels. The AMA 
program wouldovercome many of the inequities currently 
existing and would cover all individuals under 100% of the 
(state adjusted federal poverty level. Coverage for the un- 
insured would have a phased-in requirement that all 
empleyers prowide health insurance coverage to all full- 
time employees. Risk pools would also provide coverage for 
working Americans. 

In addition, a national commission would be formed to 
analyze the Medicare program’s strengths and weaknesses 
and to develop zecommendations. It would address the con- 
cerns of physiemans and their disabled and elderly patients 





Michael D. Springer, 
Section Editor 


Arch Ophthaimol—Vo! 107, October 1989 


who are faced with daily interventions by Medicare and 
whose relationships are threatened by government inter- 
ference. 

The AMA points out that the two key problems in the US 
health care system are access to care and cost. To remedy 
the problem of access, the AMA warts to reform Medicaid 
to 

@ provide medical care to all of the poor instead of the 
40% now receiving care (everyone with income below pov- 
erty levels would be included); 

è expand health care insurance to al! employed Ameri- 
cans; 

e establish state risk pools to provide access to coverage 
for persons whose incomes are between 100% and 200% of 
the poverty line, with premium assistance for those be- 
tween 100% and 150%. 

è create a Medicare commission to develop reforms that 
would ensure continued financial access by older persons; 

e enact legislation to address the financial inadequacies 
of the Medicare program by replacing the current pay-as- 
you-go system by a prefunded, actuarially sound system 
enabling all elderly persons to purcnase the health insur- 
ance of their choice through qualified health insurance 
plans; and 

è develop a long-term care financing system encouraging 
public and private partnerships. 

Their plans for cost-effectiveness entail 

e maintaining choice in health care by supporting a mul- 
tifaceted provision system; 

e establishing parameters of care such as those under 
development in the AMA’s ongoing collaboration with the 
national medical specialty societies (such parameters 
would identify the highest quality, most appropriate, and 
effective health care procedures); 

e reforming the professional liability system to reduce 
the higher costs associated with defensive medicine; 

èe reducing administrative burdems of government and 
other third-party payers; and 

è encouraging physicians to reaffirm the medical profes- 
sion’s tradition of providing care free of charge to patients 
who cannot afford it, until Congress takes the necessary ac- 
tions to eliminate financial barriers to mainstream care for 
all. 

The AMA would implement its plan by use of targeted 
advertising and television programming. It will attempt to 
gain bipartisan sponsorship of legislative reforms by in- 
tensified lobbying and conduct market research and public 
polling. The AMA message will emphasize the advantages 
of the current system; the disadvantages of further govern- 
ment controls or a government-controlled system; remedies 
for the system’s shortcomings; and the disadvantages of 
foreign systems. 

JULIE FOREMAN 
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Book Reviews 


Edited by Daniel M. Albert, MD 


Ophthalmology Brainscan MCQs, by 
N. R. Galloway and S. A. Vernon, 110 pp, 
New York, NY, Springer-Verlag NY Inc, 
1988, $20. 


Ophthalmology Brainscan MCQs is a 
collection of multiple-choice questions 
aimed at the level of a medical student 
completing an ophthalmology rota- 
tion. The format of the material is a 
statement followed by five true-or- 
false questions. The questions cover a 
broad range of introductory topics in 
ophthalmology and are grouped in sec- 
tions corresponding to the chapter 
headings of the authors’ textbook, 
Common Eye Diseases and Their 
Management. 


“The questions can point out ar- 


eas where further study is 


needed...” 


The first part of the book is titled 
“Introducing the Eye.” It contains 
questions on the anatomy of the eye 
and is one of the less comprehensive 
chapters. The second section, 
“Primary Eye Care Problems,” suc- 
ceeds in covering a number of eye dis- 
orders, such as epiphora, dry eye, eye- 
lid lesions, red eye, headache, and fail- 
ing vision. Questions on vision testing 
and contact lenses are also included. 

“Problems of the Eye Surgeon” quiz- 
zes the reader about cataracts, glau- 
coma, retinal detachment, strabismus, 
and trauma. In the section “Problems 
of the Medical Ophthalmologist,” 
questions focus on many of the eye 
problems likely to be encountered by 
general medical practitioners. Ques- 
tions about uveitis, diabetic retinopa- 
thy, and pediatric ophthalmology are 
particularly instructive. 

The neuro-ophthalmology questions 
incorporate a number of important 
concepts but fail to emphasize the 
point that increased intracranial pres- 
sure is not the only cause of disc 
edema. There are relatively few ques- 
tions on ophthalmic medications in the 
book, and the last section on blindness 
is brief. In addition, no photographs or 
illustrations of eye disorders are used 
to supplement questions. 

Most of the questions are well writ- 
ten and will challenge medical stu- 
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dents completing their ophthalmology 
rotation. Answers are brief and consist 
of a simple “true” or “false” on many 
questions. The longest answers are a 
single sentence, but the reader is in- 
structed to refer back to an introduc- 
tory textbook for further information 
on missed questions. 

The authors used a computerized 
Kuder-Richardson reliability index to 
measure the consistency of a student’s 
performance and found their ques- 
tions to be reliable in assessing a stu- 
dent’s knowledge. At a university in 
London, medical students achieved a 
mean of 49.6%, with an SD of 12.1%. 
However, the vast majority of ques- 
tions are too basic even for the begin- 
ning ophthalmology resident. Since 
the questions generally do not deal 
with specific therapy or when a patient 
requires referral to an ophthalmolo- 
gist, the book is probably of limited 
value to the primary care physician. 

As the authors report, reading 
through multiple-choice questions has 
become a popular method of learning 
and preparing for examination. 
Whether this form of learning facili- 
tates true understanding or future ap- 
plication of fundamentals in the prac- 
tice of medicine is questionable. Nev- 
ertheless, this book succeeds in 
covering a wide range of topics and 
highlights many of the fundamental 
concepts in ophthalmology. The ques- 
tions can point out areas where further 
study is needed, and many students 
will benefit from this book. 

Scott M. WuitTcup, MD 
Boston, Mass 


Progress in Retinal Research, vol 8, 
edited by Neville Osborne and Gerald 
Chader, 295 pp, with black-and-white 
illus, Elmsford, NY, Pergamon Press Inc, 
1989, $105. 


Progress in Retinal Research has 
become established as an excellent 
source of information in which the in- 
terested reader will find comprehen- 
sive articles illustrating “the trends 
and directions followed by research on 
the retina.” Volume 8, which is deserv- 
edly dedicated to Prof Tsuneo Tomita 
in celebration of his 80th birthday, 
maintains this standard of excellence. 
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Several main themes are particularly 
well represented in volume 8, report- 
ing on areas in which many contribu- 
tions have been made in recent years. 
Three chapters are devoted to applica- 
tions of immunological techniques to 
retinal research. The chapter by Fry 
and Lam discusses cell-specific mono- 
clonal antibodies, which represent es- 
sential probes for studies of retinal 
organization and development, and 
possibly also pathologic findings. The 
chapter by Molday reviews a more 
molecular application of monoclonal 
antibody technology, illustrated by the 
characterization of rhodopsin and 
other photoreceptor proteins. Finally, 
the article by Shinohara et al ad- 
dresses immunopathology of the ret- 
ina, exemplified by studies in which the 
S-antigen is used to induce experimen- 
tal autoimmune uveitis. 


“The scientific content of the 


book is excellent...” 


Studies of retinal neurotransmitters 
and neuromodulators in the retina are 
also covered in three chapters. Robert 
Marc reviews the role of the inhibitory 
neurotransmitter glycine in the mam- 
malian retina, including the identity of 
presumed glycinergic neurons, their 
possible function, and the circuits in 
which they are involved. Neuropep- 
tides are represented in a chapter by 
T. Yamada that discusses the biochem- 
istry and retinal localization of soma- 
tostatin. Finally, Margarita Dubocov- 
ich writes about melatonin synthesis 
and the interactions between melato- 
nin and dopamine as retinal neuro- 
modulators. 

Related to neurotransmitters and 
neuromodulators is the involvement of 
second messenger systems in retinal 
function. Anderson and Brown discuss 
retinal phosphoinositides, which are 
involved in other physiological pro- 
cesses, such as neurotransmitter re- 
lease in vertebrate cells. The issue of 
phototransduction in invertebrates is 
revisited in the chapter by Becker et al, 
who present an overview of electro- 
physiological and biochemical studies 
in Limulus (a living fossil whose pho- 
tosensitive membranes have been 
amenable to detailed experimental 
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analysis). Communication between 
retinal cells is also considered from an 
electrophysiolegical perspective by 
G. Faulk, who discusses signal trans- 
mission between rods and bipolar and 
horizontal cells, and by Eric Newman, 
who shows how membrane permeabil- 
ity properties of Müller glial cells play 
an important role in homeostasis of 
the retinal microenvironment. An- 
other “satellite” cell type that is dis- 
eussed is the retinal pigment epithe- 
lium, whichis described by K. Owaribe 
with particular emphasis on cytoskel- 
etal elements present in these cells 
both in vivo and in culture. 

The editors of Progress in Retinal 
Research, Neville Osborne and Gerald 
Chader, must be congratulated on the 
high quality of this series in general, 
and ef volume 8 in particular. The sci- 
entificcontent of the book is excellent, 
and its presentation, including the re- 
production of photomicrographs, is 
also very good. It is hoped that 
Progress in Retinal Research will con- 
tinue for many years to bring impor- 
tant contributions in visual science to 
the literature. 

RUBEN ADLER, MD 
Baltimore, Md 


Writing a Successful Grant Applica- 
tion, 2nd ed, by Liane Reif-Lehrer, 282 
pp, Boston, Mass, Jones and Bartlett 
Publishers, 1989, $19.95. 


When I left the National Institutes 
ef Health (NIH) and began my career 
as a professional research administra- 
tor in academia, I conceived the idea of 
writing a manual for faculty members 
that would have the dual purpose of 
explaining how one moves a grant ap- 
plication through the bureaucracy of 
an institution and also explain the 
mysteries of how a grant is processed 
and reviewed in Washington, DC. 
Twenty years later my ideas have pro- 
gressed no futher than an outline. 


“ . more than a ‘how to’ man- 


ual.” 


It is with same delight, therefore, 
that I came aeross Dr Reif-Lehrer’s 
book that explains not only the NIH 
review process but the National Sci- 
ence Foundation’s (NSF) as well. She 
does so with a simplicity that takes a 
new applicant through the process 
step by step. Anyone who is thinking of 
submitting a grant, particularly to the 
NIH, would be well served by her book. 

Before anyone thinks this book is 
only for the novice, let me assure the 
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reader that experienced grant writers 
will also benefit. Although it is replete 
with numerous examples, this book is 
more than a “how to” manual. 

An outstanding aspect of Writing a 
Successful Grant Application is the 
appendixes. The author takes the 
reader through the actual preparation 
of an NIH grant application and gives 
specific examples of how to present 
material. For example, she provides 
concrete examples of how to justify a 
proposed budget, explain salary splits, 
or justify collaborative arrangements. 
Most importantly, she explains how to 
construct a solid research outline that 
will be clearly understood by review- 
ers. 

An instructive part of Dr Reif- 
Lehrer’s book is the section in which 
she reproduces examples of the “pink- 
sheets.” These are the summaries pre- 
pared by the executive secretary of an 
NIH study section that are based on 
the comments of the study section 
members who reviewed the grant. This 
section, by itself, makes the book 
worthwhile because it demonstrates 
why some grant applications are re- 
jected and others are approved for 
funding. The pink-sheets provide a 
wealth of information that can be used 
by any grant writer to avoid the pit- 
falls that confront researchers trying 
to convince a group of peers to recom- 
mend funding for their research 
projects. 

Allin all, I found Writing a Success- 
ful Grant Application to be a clear 
winner in that it covers everything an 
individual needs to know in applying to 
either the NIH or NSF for funding. At 
$19.95, the book is well within the 
reach of researchers and, like any good 
reference book, this one should become 
well worn. Unfortunately, it’s not a le- 
gitimate grant expense. 

ALBERT L. BROSEGHINI, PHD 
Boston, Mass 


Drug-induced Ocular Side Effects 
and Ocular Toxicology, vol 4: Con- 
cepts in Toxicology, edited by O. Hock- 
win, 423 pp, with illus, New York, NY, S 
Karger AG, $198.75. 


Drug-Induced Ocular Side Effects 
and Ocular Toxicology, edited by Prof 
O. Hockwin, is the result of the Fifth 
International Symposium of Drug-In- 
duced Ocular Side Effects and Ocular 
Toxicology, held in 1986 in Bonn, West 
Germany, and organized by Professor 
Hockwin. It represents contributions 
from a number of investigators work- 
ing in the area of ocular toxicology. 
The reports cover a broad range of 
subjects, including the regulations 


governing toxieolagy testing on medi- 
cal products in the European commu- 
nity, a report o? the National Registry — 
of Drug-Induced Ocular Side Effects, 
clinical case studies, methods for in- 
vestigating ocular toxicity, in vivo an- 
imal toxicology studies, and toxicology 
studies on varidus in vitro model sys- 
tems. 


“...1t represents a heroic effort 
in bringing tegether a wide range 
of topics and research perspec- 
tives.” 


Most reports covering the occur- 
rence of ocular toxicity in humans 
were restricted to untoward effects of 
therapeutic agents or preservatives 
rather than the effects of environmen- 
tal toxins. Statistics regarding the in- 
cidence of oculer and systemic side ef- 
fects of therap2utic medications were 
reported by cenference participants 
from the United States and Japan. 
Other participants-reviewed the avail- 
able informaticn about the classes of 
and pathologic! findings associated 
with therapeutic agents known to 
cause ocular toxicity. Several reports 
presented a me-hodology for monitor- 
ing of the cata~actogenic potential of 
therapeutic agents and the improve- 
ment of cataracts by anticataract 
drugs. Other reperts presented case 
studies of orgaa-specific toxicity. 

Experimenta. studies in animal eyes 
in vivo and in vitro covered a wide 
range of toxins as well as methods of 
analysis. Several chapters presented 
data on the effeet of therapeutic agents 
and environmental toxins on the elec- 
troretinogram. Others investigated 
the effects of tovically applied medica- 
tions and/or their preservatives on 
corneal morphology or penetration 
into the anter or chamber. A large 
number of the in vivo studies were 
concerned with the cataractogenic po- 
tential of various therapeutics or tox- 
ins in established animal models. In- 
vestigations using in vitro models, 
such as tissue eulture and organ cul- 
ture, dealt exclusively with the lens. 
One section of the book was dedicated 
to in vitro lens metabolism studies in 
relationship to the recognition of drug- 
induced side efkects. 

Although Drag-Induced Ocular Side 
Effects and Ocu-ar Toxicology is not all 
inclusive, it represents a heroic effort 
in bringing together a wide range of 
topics and research perspectives. This 
makes it good reading for both physi- 
cians and basic scientists who have an 
interest in ocular toxicology. 

KRISTINE ERICKSON-LAMY, PHD 
Boston, ass 
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Questions and Answers 


The rapid and complex advances in ophthalmic science make it difficult for us all to keep up with the many 
changes that are occurring in our specialty. The ARCHIVES solicits your questions and requests that they be 
clearly stated and reasonably focused. We cannot expect our referees to respond to questions that are toe 
wide ranging and not clearly defined. Please limit your questions to five or six double-spaced lines and fol- 
low the guidelines put forth in our “Instructions for Authors” (readily found in any even-numbered issue 
of the ARCHIVES). A signed copyright transmittal letter to the AMA should accompany all submissions. We 
have asked our referees to limit their answers to 35 lines. Questions should be sent to Stewart M. Wolff, MD, 
11 E Chase St, Baltimore, MD 21202. We will do our best to provide answers to all appropriate questions. 


This page initiates a new section of the Archives of Ophthalmol- 
ogy. It is designed to be a clearinghouse for questions from practi- 
tioners concerning perplexing problems that come up in their daily 
practices and for which there do not seem to be ready answers. The 
volume of the ophthalmic literature and the rapid and complex 
changes in ophthalmology make it difficult for us all to keep up with 
the many changes that are occurring, and it is not possible for most 
of us to run a computer search of the literature to answer every 
professional question that arises in the practice of ophthalmology. 
We solicit your questions and request that they be clearly stated and 
reasonably focused. We cannot expect our referees to respond to 
questions that are too wide-ranging and not clearly defined. Please 
limit your questions to five or six double-spaced lines and follow the 
guidelines put forth in our “Information for Authors” (readily 
found in any even-numbered issue of the ARCHIVES). Please include 
a signed copyright transfer with each submission. We have asked 
our referees to limit their answers to 35 lines. Questions should be 
sent to Stewart M. Wolff, MD, 11 E Chase St, Baltimore, MD 21202. 
We will do our best to find answers to all appropriate questions. 


Failure to Pass a School Vision Test 


An 8-year-old child is referred from school because of poor visual 
Q acuity found in one eye on a routine screening test. The patient 
and parents were not aware of visual problems. The child has not 
received previous eye examinations. Office examination reveals 20 / 200 
OD and 20/20 OS. Ocular alignment is normal. What is the next logical 
step in the clinical examination of this patient? 


I suggest that the single most helpful test at this junc- 
A ture is dry retinoscopy, with the patient fixating on a 
distant test object. Although refraction by dry retinoscopy 
is not precise, it is usually adequate to make a diagnosis of 
anisometropia (without strabismus in this case). The visual 
acuity can then be taken again, this time with the proper 
= correction before the right eye to determine the presence or 
absence of amblyopia (assuming there are no visible organic 
defects). 

A dilated fundus examination and cycloplegic refraction 
should be done on this patient as part of the complete 
ophthalmologic examination. 

While anisometropia and anisometropic amblyopia are 
not the only possible causes of unilaterally reduced central 
acuity (in the absence of strabismus), they are very often 
the cause and should be highly considered in differential 
diagnosis. 

Dry retinoscopy can be an exceedingly useful procedure, 
particularly in this clinical context. It may enabie a rapid 
diagnosis and save the patient and the examiner significant 
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time and effort. Personal experience suggests that ophthal- 
mologists frequently overlook this very useful diagnostic 
technique. 
DAVID S. FRIENDLY, MD 
Washington, DC 


Recurrent Corneal Erosion 


Q A 26-year-old mother presents with marked ocular pain on awak- 
ening and a large epithelial defect. Two months previously, her 
child had scratched her. What therapy is indicated? 


Recurrent corneal erosion may be secondary to an an- 
A terior membrane dystrophy (present in 15% of the 
population) or may occur following localized trauma to the 
epithelium and basement membrane. Corneal epithelium is 
five to six cell layers thick and rests on its basement mem- 
brane just anterior to Bowman’s membrane. The basal ep- 
ithelial cells are connected to the membrane by hemides- 
mosomes. When disrupted, it may take as long as 6 to 8 
weeks for regenerating epithelium to form firm attachment 
to the new basement membrane. Therapy is initially di- 
rected at keeping the eye moist, epecially at night when tear 
secretion markedly diminishes. Superficial drying may al- 
low the epithelium to become adherent to the tarsal con- 
junctiva and to separate from the stroma when the eye is 
opened on awakening. Therefore, long-acting ointments 
should be utilized; hypertonic sodium chloride ointment 
may promote dehydration of epithelial edema. If the vision 
is blurred in the morning, the ointment may be washed out 
with nonpreserved artificial tears. 

One has to assess the extent of the basement membrane 
irregularity. If it is relatively isolated, as following trauma, 
multiple anterior stromal punctures to a depth of 50% with 
a 25- to 27-gauge needle in the area of dystrophic basement 
membrane results in resolution in 70% to 80% of cases. If 
the basement membrane irregularity is more diffuse, then 
the entire area of epithelial basement membrane irregu- 
larity may be scraped off and the epithelium allowed to heal 
in and secrete a new more regular basement membrane. 
Continuous-wear soft contact lenses worn continuously for 
6 to 8 weeks are favored by some physicians prior to stromal 
puncture. The success rate is variable. 

STEPHEN R. WALTMAN, MD 
St Louis, Mo 
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Robert S. Bailey, Jr, MD 


Robert S. Bailey, Jr, MD, Promoted at 
Wills Eye Hospital.—Robert S. Bailey, Jr, 
MD, of Gladwyne, Pa, has been pro- 
moted to assistant surgeon on the Cat- 
aract and Primary Eye Care Service at 
Wills Eye Hospital. Dr Bailey is co-di- 
rector of Emergency Services at Wills 
and is chairman of the Credentials 
Committee. A member of the Wills 
medical staf since 1984, Dr Bailey is 
also an attending surgeon at Chestnut 
Hill Hospital. 


Conference Focuses on Health Care for 
the Aged.— “Clinical Update in Geriat- 
rie Medicine,” a conference cospon- 
sored by the American Medical Asso- 


Obituaries 


BILBREY,, Raphael Edison, 82, Harri- 
man, Tenn; University of Tennessee 
College of Medicine, 1933; died January 
16, 1989. 


CLUNE, John Paul, 55, Boca Raton, Fla; 
Georgetown University School of Med- 
icine, 195% residency, Detroit Receiv- 
ing Hospital, 1963; certified by the 
American Board of Ophthalmology; 
died June 11, 1989. 


FORD, Leroy Sargent, 82, Keene, NH; 
Boston University School of Medicine, 
1933; died March 26, 1989. 


GROESSL, Peter Jos, 56, Green Bay, 
Wis; Medical College of Wisconsin, 
1961; certified by the American Board 
ef Ophthalmology; died May 22, 1989. 
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ciation and the American Geriatric 
Society, will be held at the Drake Ho- 
tel, Chicago, Ill, October 27 and 28, 
1989. The conference will deal with the 
full range of issues concerning health 
care for the aged. Clinical matters, 
such as depression/suicide, mobility, 
rehabilitation, hearing loss, and de- 
mentia will be interspersed with issues 
that include discharge planning and 
improved hospital care for the elderly. 
For more information, contact Craig 
G. May at (312) 645-5360. 


Macula Society Elects New Officers. — 
The Macula Society, Cleveland, Ohio, 
announced that the following officers 
and committee chairmen were elected 
at the annual business meeting in 
June: David H. Orth, MD, Chicago, Ill, 
President-Elect; Alexander J. Brucker, 
MD, Philadelphia, Pa, Secretary; Lee 
M. Jampol, MD, Chicago, Treasurer; 
Lawrence J. Singerman, MD, Cleveland, 
Executive Secretary; Howard Schatz, 
MD, San Francisco, Calif, Credentials 
Committee Chairman; and Leonard 
Joffe, MD, Tucson, Ariz, Meeting Plan- 
ning Chairman. 


St Louis Ophthalmological Society 
Election Results.— At the general mem- 
bership meeting held on May 11, 1989, 
the St Louis (Mo) Ophthalmological 
Society elected a new slate of officers 
for 1989-1990. Chosen for the following 
offices were: Mitchell L. Wolf, MD, 


HANNON, Robert E., 81, Lakewood, 
Ohio; St Louis University School of 
Medicine, 1932; certified by the Amer- 
ican Board of Ophthalmology; died 
April 7, 1989. 


LOSASSO, D. Eugene, 87, Vandergrift, 
Pa; University of Pittsburgh School of 
Medicine, 1929; died May 18, 1989. 


NADEAU, Alexander T., Jr, 76, Grena- 
da, Miss; Northwestern University 
Medical School, 1939; died January 6, 
1989. 


ROBERTS, Walter Lusk, 77, Los Ange- 
les, Calif; University of Southern Cal- 
ifornia School of Medicine, 1938; certi- 
fied by the American Board of Oph- 
thalmology; died April 8, 1989. 


President; Stephen R. Waltman, MD, 
Vice-President: and Allen F. Tess, MD, 
Secretary-Treasurer. 


Chicago Ophthalmological Society 
Elections. The members of the Chi- 
cago (Ill) Ophthalmological Society 
have elected the following officers for 
1989-1990: Joel Sugar, MD, President; 
Karl Scheribel, MD, Vice-President; Lee 
M. Jampol, MD, President-Elect, and 
Thomas Deutsch, MD, Secretary-Trea- 
surer. 


Tripathis Honored by Oxford Universi- 
ty.—Ramesh C. Tripathi, MD, PhD, and 
Brenda J. Tripathi, PhD, were honored 
with a joint Gold Medal from the Uni- 
versity of Oxford, England, July 5, 
1989. Dr Ramesh Tripathi, who is pro- 
fessor of ophthalmology and visual 
science at the University of Chicago, 
Ill, and Dr Brenda Tripathi, who is a 
research associate (associate profes- 
sor) of ophthalmology and visual sci- 
ence and associate professorial lec- 
turer at the University of Chicago, 
presented the Ninth Ida Mann Lecture 
entitled “Mapping the Fate of Neural 
Crest Cells in the Human Eye.” The 
lecture series was established in honor 
of the late Dame Ida Mann, DBE, 
FRCS, DSc, who was the first professor 
of ophthalmology appointed at the 
University of Oxford and who later 
founded the Nuffield Laboratory of 
Ophthalmology at the medical school. 





SHULRUFF, Harry L, 77, Hammond, 
Ind; University of Illinois College of 
Medicine, 1936; certified by the Amer- 
ican Board of Ophthalmology; died 
June 21, 1989. 


SMITH, Marvin D., 67, Gadsden, Ala; 
George Washington University School 
of Medicine, 1944; residency, Eye and 
Ear Institute of Leuisiana, 1949; certi- 
fied by the American Board of Oph- 
thalmology; died May 14, 1989. 


SWANSON, Eldon C., 79, Green Cove 
Springs, Fla; University of Nebraska 
College of Medicine, 1933; certified by 
the American Board of Ophthalmol- 
ogy; died May 4, 1989. 
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IN 1969 


ARGON LASERS REVOLUTIONIZED — 


fe 


OPHTHALMOLOGY. 
AT THE A.A.0. 1989 


KEELER INSTRUMENTS 


WILL INTRODUCE 
se 
THE FIRST 


TRANSPUPILLARY DIODE LASER, 


Clinical Evaluations 
Moorfields — London 

St. Thomas — London 

Bascom Palmer — Miami 
Wilmer Eye — Baltimore 
University Wisconsin — Madison 
Estelle Doheny — Los Angeles 


AND REVOLUTIONIZE 


OPHTHALMOLOGY 


“Practical Limit 


VISIBLE AND INVISIBLE LASER RADIATION 
AVOID EYE OR SKIN 

, EXPOSURE TO DIRECT OR 

SCATTERED RADIATION 


DIODE LASERS 

"1S W 780 - 640 om 

1 mW 665 ~ 690 nm 
CLASS IV LASER PROOUCT 





Microlase is a brand new and 
exciting development by Keeler 
which is utilizing the very latest 
in laser diode technology to bring 
the Ophthalmologist the first 
truly portable, efficient and 
affordable diode laser designed 
for retinal photocoagulation and 
laser trabeculoplasty. 


The Keeler Microlase is a self-contained unit weighing 
less than 10 pounds and utilizes an invisible wavelength 
of 810nm. Dielectric filters are utilized to protect the 
physician. A mechanical shutter system is not neces- 
sary and the physician visualizes an uninterrupted view 
of the retina during treatment. 


The Keeler Microlase requires no special electrical or 
cooling facilities and easily attaches to the tonometer 
plate of any Haag Streit or Topcon SL3E slit lamp 
making this innovative laser entirely portable. 


Keeler Instruments, innovators in optical technology 
for the Ophthalmologist will introduce Microlase at 
the A.A.O. In New Orleans. We invite*you fo visit and 
discover personally how the development of diode 
technology for transpupillary photoceagulation will 
revolutionize the future of lasers in ophthalmology. 
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When something is missing, 
its just not the same. . 


Of course it’s not the same. 


Refresh® Lubricant Ophthalmic Solution is missing something found in every other 
artificial tear — preservatives. 


And no preservative eliminates the potential iatrogenic effects of frequently applied 
preserved tear supplements. Preservatives can adversely affect the lipid layer and chronic 
instillation of preserved tear substitutes may be cytotoxic to corneal and conjunctival tissue.!-2 

What's more, Refresh is a dual-polymer artificial tear. One polymer is povidone 
(polyvinylpyrrolidone). The other is Liquifilm® (polyvinyl alcohol 14%). It has less of an 
effect on corneal epithelium regeneration than methylcellulose 0.5% and isotonic saline? 
Plus, Liquifilm offers instant wettability and stabilizes the precorneal tear film while Pa 
helping to supplement mucin and fluid deficiencies.3-4 

True, your dry eye patients who require an occasional tear supplement 
might be fine with a preserved tear. For more chronic users, however, or 
those patients with conjunctival staining or unrelieved subjective 
symptoms, an upgrade to preservative 


free Refresh should be considered. DUAL POLYMER Refresh 


And while everybody else or 
continues to debate the relative rm 
merits of one preserved artificial 
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tear over another, something = 
will still be missing. The Extra P olymer SF 
Refresh. You May Be Missing. = ~ 
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Editorials 


Questions and Answers 


he followimg are common queries in a modern, 
eomprehensive ophthalmic practice: 


1. What is the latest treatment for (insert the 
name of any disease or postoperative condition, eg, 
recurrent corneal erosion cystoid macular edema, 
viral retinitis, leaking limbal wound)? 

2. What are the indications for (insert the name of 
any approved or nonapproved drug, eg, apraclonid- 
ine, fibronectin, Oculinum)? 

3. What technique shall I use for (insert the name 
of a procedure or new instrument, eg, limbal suture 
removal for postoperative astigmatism, repeated 
laser traveculoplasty, laser iridotomy), and when 
should I use it? 

4. What are the approved and most effective (in- 
sert the mame of any new device or medication, eg, 
disposable contact lenses, mutifocal intraocular 
lenses)? 

5. What are the relative merits of (insert the 
names of alternative therapies, eg, epikeratoplasty 
ys secondary implantation of an intraocular lens, 
limbal- ws fernix-based flap for a filtering proce- 
dure)? 

6. What can I do for a patient with (insert a 
problem, eg, drug-resistant pemphigoid, Mooren’s 
ulcer, rubeosis unresponsive to panretinal photoco- 
agulation)? 

These and a multitude of similar questions can 
perplex any ophthalmologist as he or she goes 
through a busy day in the office. Reliable answers 


are not always readily at hand because of the expo- 
nential increase in new diagnostic and therapeutic 
approaches that are available to practicing ophthal- 
mologists. The advances in one subspecialty area do 
not necessarily become quickly mcorporated into the 
daily practice of general or comprehensive ophthal- 
mologists. All too often, the techniques of one or 
more ophthalmic subspecialties may remain rela- 
tively obscure to the uninitiated. 

To improve communications among all ophthal- 
mologists, the ARCHIVES introduces a monthly sec- 
tion, QUESTIONS AND ANSWERS. Readers are invited to 
submit their queries (less than six typed lines, with a 
signed copyright transfer; see “Instructions for 
Authors,” page 1414) to the Section Editor, Stewart M. 
Wolff, MD, 11 E Chase St, Baltimore, MD 21202. Dr 
Wolff, an ophthalmologist with wide interests and 
experience, a member of The Wilmer Ophthalmolog- 
ic Institute, Baltimore, and a past chairman of the 
council of the American Ophthalmologic Society, will 
choose those topics of greatest impact and will select 
a respondent who is especially knowledgeable about 
the issue at hand. 

We believe the QUESTIONS AND ANSWERS section will 
offer practical approaches to many of the common 
and evolving problems of modern ophthalmic prac- 
tice. 


MORTON F. GOLDBERG, MD 
Editor 


Changing Trends in Intraocular 


Lens Implantation 


gres and the Health Care Finance Adminis- 

tration have recently targeted cataract extrac- 
tion procedures for particular scrutiny and cost con- 
tainment. The reasons have been amply stated: cata- 
ract surgery now accounts for 12% of the entire 
Medicare budget and is presently the most frequently 
performed surgical procedure reimbursed by Medi- 
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care.! Given the apparent threefold or greater in- 
crease in the annual number of cataract operations in 
the past decade and the prediction by some that the 
number of intraocular lens (IOL) implantations will 
approach 2 million per year, regulators view cataract 
surgery as a growing threat to the health care budget. 

The Health Care Finance Administration has tried, 
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Fig 1.—Number and distribution of in- 
traocular lenses implanted at 12-month 
intervals since February 1978. The total 
number of lenses implanted between Feb- 
ruary 1978 and February 1979 is 
7 180000. 
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Fig 2.—Percentage of each class of 
intraocular lenses implanted during each 
12-month period since February 1978. 
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Fig 3.—Number of intraocular lenses im- 
planted at 6-month intervals. 





Iridocapsular, 4 0% 














1984 1985 1986 1987 1988 1989 
12-Month Interval 
700 
600 L] Posterior 
T E Total 

= 500 
oO 
v) 
3 
© 

£ 400 
= 

2 300 
& 
a 
E 

ne 200 
O 
fe) 

= 400 

(0) 

8/83 8/84 8/85 8/86 8/87 8/88 
2/84 2/85 2/86 2/87 2/88 2/89 
6-Month Interval 
Editorials 


1442 


Arch Ophthalmol—Vol 107, October 1989 


Ss 


4” 


ta 


D 
g 
q 500 
Fig 4.—Total number of intraocular 38 
lenses implanted (at 6-month intervals) 5 400 
adjusted før an average 2% annual in- = 
crease in the number of people 65 years Ë 300 
of age andkolder. The peak in intraocular = 
lens implantation occurred in the first half = 
of 1987. 5 200 
o 
z 
100 
0 
8/83 
BO 


No. of Implants (in thousands) 


6-Month Interval 


largely in vain, to contain costs by reducing reim- 
bursemenrt. Increasing attention is therefore being 
given to the indications for surgery and ways to 
reduce what appears to be the inexorable growth in 
the number of cataract operations. Continued collec- 
tion and analysis of data on the number of IOL 
implantations, however, suggest that these fears may 
be unfounded,’ and that the annual number of proce- 
dures has already crested and may even have begun 
to decline. 

Since February 1978 IOL manufacturers have re- 
ported te the Food and Drug Administration the 
number and type of IOLs implanted during each 
6-month period. Based on these reports, 1174000 
IOLs were implanted in the United States during the 
most recent 12-month period ending January 1989 
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Fig 5.—Net increase and decrease inthe 
relative number of intraocular lenses im- 
planted for eac 6-month period since 
February 1984. Numbers are adjusted for 
an average 2% annual increase in the 
number of people 65 years of age and 
older. There hastbeen a relative decline in 
the number of intraocular lenses im- 
planted during the last three 6-month pe- 
riods. 





(Fig 1). Ninety-three percent of these lenses were of 
the posterior chamber type ani 7% were anterior 
chamber lenses (Fig 2). Of the pesterior chamber 
IOLs, 89% were UV absorbing, 25% had a laser ridge, 
and 0.6% were soft (hydrogel or silicone). There was 
indeed a rapid rise in the number of posterior cham- 
ber IOLs and IOLs in total implanted between 1983 
and 1987, but these numbers peaked in 1987 and have 
since plateaued (Fig 3). 

The rapid rise in the number cf IOL procedures be- 
tween 1983 and 1987 was no doubt related to a num- 
ber of factors, including the following: the increasing 
skill in IOL surgery and its adoption by ophthalmol- 
ogists, an increasing acceptance of implantation by 
the population at large, and a growing appreciation by 
both the public and ophthalmologists that the greatly 
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improved rehabilitation provided by pseudophakia 
over aphakia justified a change in the indications for 
surgery. 

An additional factor has been the growth of the 
aged population, and therefore the number of people 
requiring cataract surgery regardless of accepted in- 
dications. A crude adjustment of the number of pro- 
cedures for the 2% annual growth in the number of 
people 65 years and older provides a more accurate 
gauge of the change in IOL implantations during this 
period (Fig 4). Quite clearly, the relative number of 
procedures peaked during the first half of 1987 (Fig 4), 
with a small but definite decline in the population- 
adjusted rates ever since (Fig 5). While IOL implan- 
tation does not account for all cataract surgery, it has, 
for several years, accounted for the vast majority of 
procedures. It is therefore a useful indication of 
trends in cataract surgical rates; Medicare data are 
neither as current nor as representative. 

The great growth in the number of cataract proce- 
dures appears to have abated. It seems likely that any 
future rise will be more gradual now that the vast 
backlog of patients who could benefit from the proce- 
dure under modern, revised indications have already 
received it. During the next few years some implan- 
tations will still represent a clearing of the small re- 
maining backlog; the majority, however, should relate 
to the actual incidence of new cases of vision-im- 
pairing cataract as the population continues to age. 
The proportion of Medicare costs consumed by cata- 
ract surgery should grow slowly, if at all, in the years 
ahead, and may even decline as other health care de- 
mands (eg, acquired immunodeficiency syndrome) 
rise. 


It is of paramount importance that everyone con- 
cerned about the cost of cataract surgery and respon- 
sible for its containment recognize that future trends 
are likely to be very different from those presently 
envisioned. Now that the avalanche has clearly 
peaked, we can make a more rational assessment of 
the future costs and impact of cataract surgery on the 
health care budget. 

WALTER J. STARK, MD 
ALFRED SOMMER, MD 
Baltimore, Md 


RONALD E. SMITH, MD 
Los Angeles, Calif 


Dr Smith is currently chairman of the Food and Drug Adminis- 
tration Ophthalmic Device Panel. Dr Stark is a past chairman of 
the panel and is currently a panel consultant. 

This is not an official report of the Food and Drug Administra- 
tion. The opinions contained in this article are those of the authors 
and may not reflect the views of the Food and Drug Administration. 

Reprint requests to The Wilmer Ophthalmological Institute, The 
Johns Hopkins Hospital, Maumenee 327, 600 N Wolfe St, Baltimore, 
MD 21205 (Dr Stark). 
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Clinical Sciences 


Aecetazolamide for Treatment of Chronic Macular 


Edema in Retinitis Pigmentosa 


Gerald A. Fishman, MD; Leonardo D. Gilbert, COT; Richard G. Fiscella, RPh, MPH; 


Alan E. Kimura, MD; Lee M. Jampol, MD 


@ Twelve patients with retinitis pigmen- 
tosa and chronic macular edema were 
prospectively treated for 2-week periods 
with acetazolamide or a placebo in a 
masked, crossover study. Ten of the 12 
patients had both subjective and objective 
improvement in visual acuity when treated 
with acetazolamide. Improvement was 
seen even in patients with an acuity as 
good as 20/25 at baseline as well as in 
patients with macular edema present for 
more than a decade. A dosage of 500 
mg/d was found to be more effective than 
250 mg/d. Six patients (50%) showed 
lessening of their macular edema on fluo- 
rescein angiography. This angiographi- 
cally demonstrated improvement was pre- 
dominantlydue to less detectable leakage 
trom retinal capillaries rather than from 
choroidal capillaries through the retinal 
pigment epithelium. Improvement in visual 
acuity was seen in some patients without 
a detectable change in the amount of an- 
giographic fluorescein leakage. 

(Arch Ophthalmol. 1989; 107:1445- 
1452) 


Cx and coworkers! reported the ben- 
efits of acetazolamide in 16 of 41 
patients with chronic macular edema 
and a Snellen visual acuity of 20/40 or 
worse. These patients showed a partial 
or complete resolution of their edema 
and improvement in visual acuity. Of 6 
patients with retinitis pigmentosa, 4 
had improvement in central vision, 2 of 
whom also showed a notable improve- 
ment in macular edema on fluorescein 
angiography. 

Cox and coworkers! indicated that a 
favorable response to the drug seemed 
to be limited to those patients with 
retinal pigment epithelial (RPE) cell 
disease, asall patients whose condition 
responded tə treatment demonstrated 
fluorescein dye entering the outer ret- 
Me i ee oh 
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ina through the RPE by stereoangiog- 
raphy. Acetazolamide was not found to 
have a discernible effect on macular 
edema caused by primary retinal vas- 
cular diseases. 

We studied a larger number of pa- 
tients with retinitis pigmentosa in a 
double-masked crossover fashion, 
with patients randomly assigned to 
receive either acetazolamide or pla- 
cebo. We also investigated the dose re- 
sponse function to acetazolamide 
treatment. Our population included 
patients with a range of visual acuities 
from 20/20 to 20/400 in at least one 
eye. We included patients who showed 
angiographic leakage primarily from 
retinal capillaries as well as others 
who showed leakage that was inter- 
preted as originating primarily, if not 
exclusively, from choroidal capillaries 
through the RPE. 


PATIENTS AND METHODS 
Patients 


Twelve patients (three men and nine 
women) with retinitis pigmentosa were in- 
cluded in the study. None were known to 
have documented allergies to fluorescein 
dye or sulfonamides. Their mean age was 45 
years (range, 29 to 79 years). Two patients 
inherited retinitis pigmentosa as an auto- 
somal dominant trait and two as an auto- 
somal recessive trait. The remaining eight 
were isolated cases. 

These 12 patients were selected from a 
total of 650 patients being followed up with 
the diagnosis of typical retinitis pigmen- 
tosa. Of this group, fluorescein angiograms 
were available for 186 patients. From this 
latter group, 30 patients (16% ) were identi- 
fied as having macular edema associated 
with leakage of fluorescein dye from either 
retinal capillaries and/or choroidal capil- 
laries through the RPE. Of the 30 patients, 
12 were available and willing to participate 
in this prospective study. Five of the 12 pa- 
tients were known, from fluorescein angiog- 
raphy, to have had macular edema for at 
least 1 to 5 years; 1, for 6 to 10 years; and 6, 
for 11 to 13 years. 

Retinitis pigmentosa was diagnosed on 
the basis of history and ophthalmic find- 
ings. Historically, patients complained of 
nyctalopia and restricted side vision. They 
showed varying degrees of peripheral field 
restriction, fundus changes such as bone- 
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spicule-like pigmentation, and/or hypopig- 
mentation characteristic of retinitis pig- 
mentosa. All had either nondetectable or 
marked impaimment of  electroretino- 
graphic rod and cone a- and b-wave ampli- 
tudes. None were known to have diabetes 
mellitus, ocular inflammatory disease, or 


primary retinal vascular disease. All pa- . 


tients were phakic. 


Methods 


Each patient gave informed consent be- 
fore entering the investigation. A baseline 
ocular examination was then performed. 
One examiner (L.D.G.) obtained the best 
corrected visual acuity using a modified 
Bailey-Lovie chart fer the baseline and all 
subsequent vision testing. The Bailey-Lovie 
chart has five Siloam letters per line, with 
the lines differing by equal (0.1-log) grada- 
tions. The chart luminance and room light- 
ing were held constant. In subsequent 
retesting, for purpose of analysis, an im- 
provement of four letters (in two patients) 
and seven letters (insone patient) was con- 
sidered an imprevement of one line. 

A fluorescein angiogram using conven- 
tional procedures was then obtained with 5 
mL of 10% aquesus fluorescein sodium in- 
jected intravenously. The baseline and sub- 
sequent fluorescein angiograms were 
graded using a modification of a grading 
system proposed by Miyake.* Absence of 
leakage of fluorescein dye within the mac- 
ula was considered to be grade 0. A negligi- 


ble or trace leakage that was amorphous ~ 


and murky in appearance was grade IA. 
Leakage that was trace to small in amount, 
measured horizoatally approximately one- 
half to three-fourths disc diameters, was 
murky in appearance, and was without a 
discernible petaloid, cystic, or stellate pat- 
tern, but occupied at least 50% of the foveal 
circumference, was considered grade IB. 
Although lacking a stellate quality, the cir- 
cumfoveal distrisutien of the dye leakage 
conferred less of an amorphous feature to 
the edema tham that seen in grade IA. 
Grade IIA occurred when either a partial or 
complete stellate (eystic-appearing) fluo- 
rescent pattern was apparent. If a complete 
stellate appearance was seen but the inten- 


sity of the leakage was comparatively lim- — 


ited, and the amount of the leakage was 
limited horizontally to one half to three 
fourths the diameter of the optic disc, a 
grade IIA was assigned. If the stellate ap- 
pearance was not only complete but also 
showed a substantia! intensity and a hori- 


zontal diameter of approximately three- — 
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Fig 1.—Grade IA. Fluorescein angiogram from the left eye of patient 11 
illustrating a minimal amount of fluorescein dye within the fovea. Exten- 
sive leakage from retinal radial peripapillary vessels is recognized but 


not included in the grading of macular edema. 


fourths but less than 1% (the size of the 
optic disc), a grade IIB was assigned. If a 
complete stellate appearance occurred and 
the diameter of the leakage of fluorescein 
dye within the macula was equal to or 
greater than a horizontal diameter of 2mm 
(1% disc diameters), grade IIIA was the 
designated category, while diffuse leakage 
throughout the posterior pole beyond 2mm 
in diameter was considered as grade IIIB. 
Figures 1 through 6 illustrate these grades. 
The presence or absence of fluorescein dye 
leakage from retinal radial peripapillary 
vessels was noted for each patient (if 
present, it was characteristically seen along 
the vascular arcades in an arcuate fashion). 
However, the amount of such leakage was 
not quantitated, nor was its presence con- 
sidered in the assignment of a grade for de- 
gree and extent of leakage in any of the pa- 
tients. An assessment as to the primary 
leakage site, ie, retinal vs choroidal capil- 
laries, was made for each patient by three 
of us (G.A.F., A.E.K., and L.M.J.) in an in- 
dependent fashion. This evaluation was 
made with the use of a stereo viewer (Air 
Photo Supply Co, Yonkers, NY), which 
aided the assessment of sequential angio- 
gram positive contact sheets as well as the 
evaluation of undeveloped negatives. 
After baseline angiograms were ob- 
tained, one of us (R.G.F.) interviewed all 
patients. They were informed that they 
would receive two different medications, 
each for a 2-week interval, but were not told 
that one of the two was a placebo (sucrose 
capsule). All were told of the potential side 
effects that could be experienced with one or 
both of the medications. They were in- 
structed to notify the interviewer if they 
experienced troublesome side effects before 
their return in 2 weeks. Each patient was 
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Fig 2.—Grade IB. Fluorescein angiogram from the right eye of patient 
2. Note the small amount of fluorescein dye within the fovea. There is 
no stellate appearance to foveal fluorescence, although the overall ap- 


pearance is less amorphous than depicted in Fig 1 representing grade 
IA. See Fig 8, top right, for additional representation of grade IB. 


then randomly assigned to receive either a 
placebo or one 500-mg sustained-release 
capsule of acetazolamide (Diamox Sequels) 
to be taken daily for 2 weeks. 

After 2 weeks, patients returned to the 
same reviewer who noted whether any med- 
ication was unused. Patients were then 
queried about the nature and extent of any 
side effects. They were asked to indicate 
whether any subjective improvement in vi- 
sual function had occurred and, if so, 
whether the improvement was small, mod- 
erate, or large, or if they were uncertain. 

Best corrected visual acuity was then re- 
checked by the examiner (L.D.G.) under 
identical testing conditions at approxi- 
mately the same time of day as the baseline 
examination. He was aware of the previous 
level of acuity but did not know whether the 
patient had received the placebo or aceta- 
zolamide. Repeated fluorescein angiograms 
were then obtained at approximately the 
same time of day as the baseline angiogram, 
and patients were then given the opposite 
medication for 2 weeks. After this addi- 
tional 2-week period, patients returned, and 
a similar sequence of visual acuity testing, 
fluorescein angiography, and interviewing 
was repeated. 

Four patients who had substantial 
edema, as evidenced by leakage on fluores- 
cein angiography, participated in further 
investigations on the influence of drug dos- 
age on subjective visual symptoms, objec- 
tive visual acuity, and amount of dye leak- 
age noted on angiography. Data for 500 
mg/d (Sequels capsule), 250 mg/d, and 250 
mg every other day were obtained for each 
patient. Two patients ingested 250 mg/d for 
2 weeks and then underwent repeated vi- 
sual acuity testing, subjective questioning, 
and angiography. They then received 250 


mg of acetazolamide every other day for 3 
weeks, after which the above sequence of 
tests and questioning was repeated. The 
two other patients received 250 mg of acet- 
azolamide every other day. After 15 weeks 
of this regimen for one patient and 5 weeks 
for the other, visual acuity testing, subjec- 
tive questioning, and angiography were re- 
peated. They then received 250 mg/d for 2 
additional weeks, after which the above se- 
quence was repeated. 

After the assessment for all 12 patients 
was completed, one of us (G.A.F.) read 36 
fluorescein angiograms representing base- 
line, placebo, and acetazolamide treatment 
for all patients, in a masked fashion. The 
positive and negative images of the films 
were read with a stereo viewer. All angio- 
grams were numbered and read without 
knowledge of which of the patients had 
been studied. At a separate session the 
same angiograms were reread and graded 
to evaluate intraobserver variability. All 
angiograms were again reread, but this 
time a sequence of three angiograms for 
each patient was identified as from the 
same patient. However, the observer was 
still masked as to which angiograms repre- 
sented baseline vs placebo or acetazolamide 
treatment. This was done since it was 
deemed possible that improvement in an- 
giographic leakage might occur without a 
change in grade of leakage. 

Grades IIA and above were reproducibly 
interpreted in virtually all instances. Iso- 
lated inconsistencies were apparent be- 
tween grades IIA and IB. Additionally, iso- 
lated inconsistencies were also seen be- 
tween grades IA and 0, depending on the 
quality of the angiogram. Thus, a change of 
one-half grade or more in grades IIA or 
above, for example, between grades ITA and 
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Fig 3.— Grade IIA. Fluorescein angiogram obtained from the right eye of 
patient 4 approximately one decade before the present study. The stel- 
late, cystic appearance distinguishes this grade from grade IB. See Fig 
8, bottom right, for another example of grade IIA. 


Fig 4.—Grade IIB. Fluorescein angiogram from the left eye of patient 2. 
Patients with this grade generally have a larger diameter and more in- 
tense leakage than those with grade IIA. 





Fig 5.—Grade IIIA. Leakage seen in the right eye of patient 8. Stellate 
appearance and overall horizontal diameter of 1% disc diameters or 
greater of edema are characteristic of this stage. 
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Fig 6.—Grade IIIB. Fluorescein angiogram from the right eye of patient 
7 shows diffuse leakage throughout the posterior pole with extensive 
accumulation of fluorescein dye within cystic-appearing spaces. Marked 
leakage from retinal radial peripapillary vessels is also recognized but 
not considered in grading. 
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IIB, IIB and IIIA, or IIA and IIIB, was 
considered significant. Although meaning- 
ful discriminations between grades IIA and 
IB and between grades IA and 0 were 
thought to be obtainable, reservation re- 
garding their accuracy for discrimination 
in individual instances was warranted. 

After studies were completed for the four 
patients who underwent investigation for 
the effect of dosage, the angiograms were 
read in an independent and masked fashion 
by three of us (G.A.F., A.E.K., or L.M.J.) 
without knowledge of dosage. Only one of us 
(G.A.F.) graded these angiograms for se- 
verity, but all three rated the sequence of 
angiograms at baseline and for the three 
different dosage schedules for relative lev- 
els of severity in dye leakage. 


RESULTS 


Compliance of patients with taking 
500 mg of acetazolamide vs placebo for 
2-week periods was excellent. One pa- 
tient discontinued use of the drug after 
12 days because of side effects. We did 
not exclude this patient since any ef- 
fects of acetazolamide on macular 
edema would likely have been appar- 
ent after treatment for 12 days.' Three 
of the 12 patients did not experience 
any side effects that could be attrib- 
uted to the use of 500 mg of acetazola- 
mide. Eight patients complained of 
mild to moderate tingling sensations 
of the extremities, not substantial 
enough to cause discontinuation of the 
drug. Two complained of gastrointes- 
tinal tract upset, which involved either 
nausea (1 patient) or anorexia (1 
patient); 2 complained of mild depres- 
sion; another of fatigue and slight dis- 
orientation; and 3 others of altered 
taste sensation, specifically related to 
carbonated beverages. 

Table 1 shows the age, visual acuity, 
and fluorescein angiogram grades of 
macular edema at baseline and while 
receiving placebo and 500 mg of aceta- 


zolamide for each of the 12 patients in 
this study. Also noted is each patient’s 
subjective assessment as to whether 
visual function improved while receiv- 
ing acetazolamide and the degree of 
improvement, when apparent. 


Subjective Responses 


Two patients experienced no subjec- 
tive improvement while receiving acet- 
azolamide treatment. Neither showed 
measurable improvement in visual 
acuity, and one of them showed no an- 
giographic improvement. This patient 
was thought to have leakage predom- 
inantly, if not exclusively, from the 
choroidal capillaries through the RPE. 
The other patient showed definite im- 
provement on the fluorescein angio- 
gram. She did, however, retain an ap- 
preciable amount of leakage from the 
choroid and improvement from grade 
IITA to IIA was noted because of less 
leakage from retinal capillaries while 
she was receiving acetazolamide. Thus, 
in this patient, the fluorescein angio- 
gram showed improvement in both 
eyes, whereas subjective and measur- 
able improvement in visual acuity did 
not occur. In the remaining patients, 
improvement in the amount of overall 
leakage originating from retinal cap- 
illaries was accompanied by both sub- 
jective and objective improvement in 
visual acuity in at least one eye (Table 
1). Nevertheless, subjective and mea- 
surable improvement in acuity also 
occurred in the absence of improve- 
ment in leakage of dye (macular 
edema) on fluorescein angiography. 

Ten patients reported subjective im- 
provement in their vision. Six believed 
that it was to a moderate degree and 
four claimed a large degree of im- 
provement. None thought that they 
had definitely noted improvement 


while receiving the placebo. One pa- 
tient (patient 9), who received aceta- 
zolamide treatment first, believed that 
he may have had some residual effect 
from this drug during the 2-week pe- 
riod when he ingested the placebo. 
Of the 6 patients who claimed mod- 
erate subjective improvement, 5 
showed improvement of one line in at 
least one eye on visual acuity testing, 
and the other improved two lines in 
one eye. Two of these 6 patients had 
been given acetazolamide first. Patient 
9 had no evidence of angiographic im- 
provement during either the acetazo- 
lamide or placebo trial. Of the 4 pa- 
tients who subjectively had a large 
improvement in vision, 2 improved ap- 
proximately one line and 2 improved 
two lines in at least one eye. Three of 
these patients received acetazolamide 
treatment first. Two of the 3 retained 
a beneficial effect on vision after ace- 
tazolamide treatment was discontin- 
ued during the placebo period but did 
not subjectively notice any improve- 
ment in their vision. One patient 
showed no angiographic difference in 
the grade of macular edema while re- 
ceiving acetazolamide or placebo, 
whereas the other showed an appre- 
ciable improvement in leakage from 
retinal capillaries while receiving ace- 
tazolamide treatment, which was par- 
tially retained even after she ingested 
the placebo for 2 weeks. Therefore, a 
measurable residual visual improve- 
ment was noted in individual instances 
from the use of acetazolamide even af- 
ter the drug treatment had been dis- 
continued for 2 weeks. In one patient, 
this was associated with residual an- 
giographic improvement in macular 
edema. Of the 6 patients with moder- 
ate subjective improvement in visual 
function, 3 showed improvement in 








Baseline Placebo 
Patient/Age, 


y/Sex OD OS OD OS oD 


2/46/Ft IIB 


3/35/Ft IB IIB IB IIB IA 
4/39/Mł IIB IIB IIB IIB IIB 
5/63/Ft TT IB Te IB ee 
6/34/F Ft WA WA MWA MWA IIA 
7/32/Ft IIB MB MB IIIB IIIB 
8/29/Mt WA MA WMA MWA IIA 


9/70/MẸł IIA paul IIA or IIA 
10/40/Ft IA IA IA IA 0 
11/38/FF IA IA IA IA IA 
12/79/Fł IB IB IB IB IB 


tPlacebo treatment was started first. 
tAcetazolamide treatment was started first. 
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Fluorescein Angiogram Grade 





Acetazolamide 
—_—_—~— ons 000 9 0.0.00 
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Table 1.—Fluorescein Angiogram Grade, Vision, and Subjective Response to Acetazolamide* 


Visual Acuity 
Baseline Placebo 


Os OD OSs OD OSs 
IA 


1/39/Ft IIB IIB IIB IIB IB 20/25+2 20/20-2 20/25+2 20/20-1 20/20+1 20/20—1 Moderate 
IIB IIA IIB IA 


20/25—2 


IB 20/25+1 20/25-2 20/20+1 


IIA 20/25+2 20/25+1  20/20—1  20/25—2 20/20+3 20/20—2 Moderate 
IIA 20/63-1 20/25 20/63-1 20/25-2 20/50-2 20/25+1 Large 

IB NLP 20/40-2 NLP 20/40-2 NLP 20/50+2 None 

IIA 20/40-2 20/50-2 20/40-1 20/50-1 20/40+1 20/50—1 None 

IIB  20/200+1 20/50+1 20/200 20/50-1 20/125-2 20/40—-1 Moderate 

WA = 20/160-—2 20/125-—1 20/200+2 20/125-2 20/125+2 20/80—1 Large 

...  20/50+1 20/400 20/40+2 20/400 20/40 20/400 Moderate 
0 20/40-2 20/50-2 20/40-1 20/50-2 20/40-1 20/40-—1 Moderate 
IA 20/125 20/50+2 20/80 20/32 20/80+1 20/32+2 Large 

IB 20/80+2 20/200 20/80 20/200+2 20/80+2 20/125+2 Moderate 


LLG, 










Acetazolamide 
-—-—-™~™ —s——a 
OD os 


Subjective 
Improvement 
With Acetazolamide 














20/20+1 20/25+2 Large 









* See the “Methods” section for an explanation of the fluorescein angiogram grades. NLP indicates no light perception. 
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grade on angiography in both eyes, al- 
though 1 improved only from grade IA 
(trace) to grade 0. Of the 4 patients who 
subjectively claimed a large improve- 
ment, 2 showed angiographic improve- 
ment in grade. In 1 patient, improve- 
ment on angiography was noted in 
botheyes, although in only one eye was 
the quantity sufficient to change 
grades. Thus, of the 10 patients with 
subjectiveimprovement in visual func- 
tion, 5 (50% ) showed at least some im- 
provement on fluorescein angiogra- 
phy. Therefore, subjective improve- 
ment in vision was not necessarily 
accompanied by objective angio- 
graphic improvement in macular 
edema. 
Visual Acuity 

Visual acuity improved in 10 pa- 
tients. Sewen of these showed an im- 
provement of one line and 3, two lines 
in at least-one eye. Vision in the other 
2 patients was unchanged. In 6 pa- 
tients an improvement of one line was 
measured in one eye while the other 
eye showed no change in vision. In one 
additional patient a one-line improve- 
ment was apparent in both eyes. Of 
these 7 patients with an improvement 
of one line, 3 reeeived placebo first. 
None showed an improvement of one 
line during this period compared with 
baseline. Angiographic improvement 
in macular edema was found in 5 of 
these 7 patients, although in 1 patient 
(patient 4) the improvement did not 
result in a change of grade. Interest- 
ingly, in the 6 patients with a one-line 
improvement of vision over baseline in 
only one eye, 4 showed an improve- 
ment in their grade of macular edema 
in the eye without a detectable im- 
provement in vision. Of the 10 patients 
with measurable improvement in acu- 
ity, all neticed subjective improve- 
ment. Six of them experienced a mod- 
erate degree of improvement, and 4 
stated that they had a large degree of 
subjective improvement. Five of these 
10 had evidence of angiographic im- 
provement, although 1 patient im- 
proved only from grade IA to grade 0. 
Thus, measurable visual improvement 
occurred without angiographic im- 
provement. In the 12 eyes from 6 pa- 
tients with angiographic improve- 
ment, an improvement in vision of one 
line was found in 6 eyes while the re- 
maining 6 did not show a discernible 
change in vision. Thus, angiographic 
improvement was not necessarily ac- 
companied by a detectable improve- 
ment in vision. In our 3 patients with 
the greatest improvement in vision 
(two lines in at least one eye), none 
showed a change in their grade, or any 
detectable improvement, of macular 
edema, measured angiographically. Of 
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interest, 2 of these 3 patients showed 
leakage predominantly, if not exclu- 
sively, from the choroidal capillaries. 
In 3 of 7 patients who received aceta- 
zolamide treatment first, a residual 
measurable improvement in visual 
acuity over their baseline values was 
retained even after 2 weeks of receiv- 
ing a placebo (Table 1). Of the 5 pa- 
tients who first received the placebo, 
vision did not vary by more than two 
letters from baseline acuity in either 
eye when these patients were retested 
after 2 weeks. 


Fluorescein Angiography 


Six (50% ) of the 12 patients had an- 
giographic improvement (in 1 patient, 
from grade IA to grade 0). In all 6 pa- 
tients this improvement was noted in 
both eyes. In 3 the degree of improve- 
ment was asymmetric between eyes. In 
1 of these 3 patients (patient 4), the 
improvement was not enough to result 
in a change in grade of angiographic 
macular edema in one eye. The amount 
of macular edema at baseline was not 
predictive of whether angiographic 
improvement in macular edema would 
occur or of the degree of improvement. 
Similarly, the amount of macular 
edema at baseline was not correlated 
with baseline visual acuity or the de- 
gree of measurable improvement in 
visual acuity from acetazolamide 
treatment. In 5 of the 6 patients, im- 
provement in angiographic leakage oc- 
curred almost exclusively, or at least 
predominantly, from dye originating 
from retinal capillaries (Table 2), as 
judged independently by three of us 
(G.A.F., A.E.K., and L.M.J.). Five of 
the 6 patients with angiographic im- 
provement had subjective improve- 
ment in their vision, 3 to a moderate 


degree and 2 to a large extent. As 
noted, 1 patient with angiographic im- 
provement in both eyes showed no 
subjective improvement in visual func- 
tion. In these 6 patients with angio- 
graphic improvement, 5 had measur- 
able improvement in vision of one line 
in at least one eye and 1 had no 
improvement. Of interest is the find- 
ing in 5 patients of dye leakage from 
retinal radial peripapillary vessels 
(Table 2). None showed less leakage 
from these vessels with the use of 
acetazolamide even when less leakage 
occurred from retinal perifoveal capil- 
laries (Fig 7). 

Five of our six patients with angio- 
graphic macular edema present for at 
least a decade showed leakage of fluo- 
rescein dye predominantly or exclu- 
sively from choroidal vessels through 
the RPE. In our study, leakage from 
this location was not found to appre- 
ciably improve with the use of aceta- 
zolamide; no improvement in macular 
edema was noted im four of these six 
patients, and a fifth patient had only a 
minimal improvement from grade IA 
to grade 0. Of six patients with macu- 
lar edema present for at least 1 to 6 
years, four shewed improvement on 
angiography. All six patients showed 
an appreciable amount of leakage from 
retinal capillaries, although not nec- 
essarily exclusively. Therefore, our 
data suggest that with time, leakage 
from choroida! vessels through the 
RPE becomes more predominant over 
leakage from retinal capillaries. This 
was documented in two of the patients 
followed up for more than 10 years. 
Since macular edema originating from 
retinal capillaries was more likely to 
respond to acetazolamide treatment, 
our results show that duration of 


Table 2.—Leakage Sites on Fluorescein Angiography * 
os 


ees 


Patient Baseline 
it RC, RPE 
= RPE 


Acetazolamide 


Acetazolamide 


Baseline 
RC, RPE 
a RPE 


RC, RPE+¢ 
Not done 
RC, RPE 
RC, RPE 
RC, RPE+¢ 
RPE, RC 


RPE, RC+ 
Not done 
RC, RPEł 
RC, RPE 
RC, RPE+ 
RPE, RC 
No leakage 


= RPE 
RPE, RC 
RC, RPE 
RC, RPE 
RC, RPE+ 
Not done 





RPE, we 


me RC 
RC, RPE 
RC, RPE+ 


* RC indicates leakage occurred from retinal capillaries; RPE, leakage of fluorescein originated from the cho- 
roidal capillaries through the retinal pigment epithelium. When more than one site is given, the site with more 


leakage is listed first. 


+Patients showed leakage from retinal radial peripapillary vessels at baseline that did not change with the use 


of acetazolamide. 


Leakage was approximately equal from each site. 
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Fig 7.—Left, Baseline fluorescein angiogram from the left eye of patient 1 before treatment with acetazolamide. Note 
leakage along retinal vascular arcades from retinal radial peripapillary vessels as well as in macula. Right, After receiving 
500 mg/d of acetazolamide for 2 weeks, note that although leakage is considerably less apparent in macula, no discern- 


ible change is noted in the amount of leakage from retinal radial peripapillary vessels. 


edema is possibly a factor that could 
determine whether improvement in 
macular edema is noted angiographi- 
cally. This conclusion is yet tentative, 
since the earliest angiographically 
documented evidence of macular 
edema clearly does not accurately doc- 
ument the true onset of macular 
edema. It is more relevant, however, 
that the apparent duration of macular 
edema did not predict whether pa- 
tients would experience subjective or 
measurable improvement in central 
vision. 

In the six patients with no angio- 
graphic improvement (change of 
grade) in either eye, four had either 
exclusive or predominant leakage of 
dye through the RPE from the choroid. 
Of interest, two of these four patients 
showed an improvement in two lines of 
visual acuity in at least one eye and a 
third, one line. Three of the four noted 
subjective improvement while receiv- 
ing acetazolamide, as did the other two 
patients with no angiographic im- 
provement who had fluorescein leak- 
age from retinal as well as choroidal 
capillaries. Of the six patients with no 
angiographic improvement, five noted 
subjective improvement while receiv- 
ing acetazolamide. Only one of these 
patients (patient 9), who most likely 
had a residual beneficial effect from 
the acetazolamide treatment, felt as if 
he also had subjective improvement in 
vision over baseline while receiving 
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the placebo. Of these six patients with 
no angiographic improvement, five had 
measurable improvement in vision. 
Three showed an improvement of two 
lines and two patients showed an im- 
provement of one line in at least one 
eye. Three of these five had known 
macular edema for at least a decade. 

The influence of acetazolamide dos- 
age was also studied. By interpreting 
the grade of fluorescein dye leakage in 
four patients (patients 1 through 4), all 
three examiners, working indepen- 
dently and in a masked fashion, were 
in total accord in establishing that 500 
mg of acetazolamide, in the form of a 
sustained-release capsule, was more 
effective in reducing the amount of an- 
giographic macular edema than was a 
250-mg tablet taken either each day or 
every other day (Fig 8). Similarly, 
subjective visual performance was 
judged by these four patients as con- 
siderably better while receiving a reg- 
imen of 500 mg compared with either 
of the other two dosage regimens. Mea- 
surable differences in vision were also 
noted between 500-mg and 250-mg dos- 
ages. Differences in macular edema on 
angiography, subjective visual im- 
provement, and measurable improve- 
ment in vision were noted between the 
use of 250 mg/d and 250 mg of aceta- 
zolamide every other day. In three of 
the four patients, fluorescein dye leak- 
age was not different between baseline 
angiograms and those obtained after a 


dosage of 250 mg every other day. One 
patient (patient 2) who received this 
dosage for 5 weeks did show an im- 
provement in macular edema over 
baseline but less than was observed 
with 500 mg/d and 250 mg/d. The other 
three patients did not subjectively feel 
that their vision had convincingly im- 
proved over baseline while receiving a 
regimen of 250 mg every other day; 
patient 2 believed that her vision had 
improved over baseline but not as 
much as when she received 500 mg/d or 
250 mg/d. She also showed a measur- 
able improvement in visual acuity 
while receiving 250 mg every other 
day, whereas the other three patients 
did not. While receiving 250 mg/d, 
three of the four patients showed an 
improvement in grade on their fluo- 
rescein angiogram compared with 
baseline. In all four patients, the per- 
ifoveal retinal capillary leakage was 
more apparent than when they in- 
gested 500 mg/d, although in only two 
of these patients was there enough of 
a difference to warrant a change in 
grade between the 500-mg/d and 250- 
mg/d dosages. All four patients felt 
subjectively as if their vision was not 
as clear while receiving the 250-mg/d 
dosage compared with the 500-mg/d 
dosage. However, all thought that 
their vision was better with this dos- 
age than baseline and better than with 
250 mg every other day. Nevertheless, 
measurable improvement in vision 
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Fig 8.—Fluorescein angiograms 
treatment with 500 mg/d of acetazo 
left), and after treatment with 250 mg of acetazolamide every other day for 5 weeks (bottom right). 


over baseline of approximately one 
line was noted in only one of these pa- 
tients while receiving a regimen of 250 


mg/d. 
COMMENT 


Cox and coworkers! first demon- 
strated that acetazolamide could be of 
value in reducing the amount of edema 
and impreving visual acuity in at least 
some patients with chronic macular 
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from the left eye of patient 2 before 
lamide (top right), after treatment 


edema. In their report, only a small 
number of patients with retinitis pig- 
mentosa were included. Several au- 
thors have previously demonstrated 
the presence of cystoid macular edema 
in a portion of patients with retinitis 
pigmentosa.*’ The reported percent- 
ages vary, although approximately 
15% seems a reasonable figure.** 

Our study confirms the findings of 
Cox et al! in that we noted improve- 
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treatment with acetazolamide (top left), after 2-week 
with 250 mg/d of acetazolamide for 2 weeks (bottom 


ment in visual acuity of one line or 
more, in at least one eye, in 10 of 12 
patients with retinitis pigmentosa 
treated with acetazolamide. Our study 
shows that even patients with 20/25 or 
slightly better acuity at baseline can 
experience both subjective and mea- 
surable improvement in visual func- 
tion with the use of acetazolamide. Cox 
et al noted visual improvement in at 
least one eye in 4 of their 6 patients 
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with retinitis pigmentosa. The degree 
of improvement in vision noted in 
these 4 patients was appreciably 
greater than was apparent in our 10 
patients who showed improvement in 
vision of one or two lines. An improve- 
ment in one line over baseline was felt 
to be significant in 7 of our patients 
since 5 also demonstrated an improve- 
ment in angiographic macular edema 
and all claimed subjective improve- 
ment while receiving acetazolamide 
treatment but not while ingesting the 
placebo. Additionally, the 2-week vari- 
ability in vision over baseline in 5 pa- 
tients who received placebo first was 
no greater than two letters. Of 6 pa- 
tients whose vision improved one line 
in only one eye, 1 likely had irrepara- 
ble damage to the fovea with 20/400 
visual acuity. It remains possible, al- 
though speculative, that in the context 
of treatment with acetazolamide even 
a difference of only three letters, as 
noted in one of these 6 patients, could 
represent a physiologic improvement 
in visual acuity. In the remaining pa- 
tients, photoreceptor cell loss or irrep- 
arable functional impairment within 
the fovea, from either chronic macular 
edema or the underlying photorecep- 
tor cell disease known to occur in 
patients with retinitis pigmentosa, 
could have limited the response to ac- 
etazolamide treatment. Alternatively, 
a higher dosage of this drug or longer 
duration of its administration could 
conceivably have resulted in an im- 
provement in acuity in these as well as 
in other patients in this study. It was 
our distinct impression that the sub- 
jective improvement in visual function 
for 10 of our 12 patients was greater 
than might have been anticipated 
from the degree of measurable im- 
provement in visual acuity. This sug- 
gests that other aspects of visual func- 
tion, such as contrast sensitivity or 
Vernier acuity, might improve to an 
even greater extent than visual acuity 
that traditionally is measured with the 
use of high-contrast, high-luminance 
letters. We additionally noted im- 
provement in the leakage of fluores- 
cein dye that resulted in a change of 
grade in 6 (50% ) of our 12 patients, as 
was also noted by Cox and coworkers! 
in 2 of their 6 patients with retinitis 
pigmentosa. Although spontaneous 
improvement in macular edema has 
been cited as occurring in patients 
with retinitis pigmentosa,*!° this is 
unlikely to have occurred during the 
short duration of our study. Since di- 
urnal variation in the amount of mac- 
ular edema has been noted,!! we per- 
formed the studies on each patient at 
approximately the same time of day. 

Unlike the report of Cox and 
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coworkers,! ours noted that, in individ- 
ual patients, improvement in leakage 
of dye on angiography could be re- 
tained beyond a 2-week period. Reten- 
tion of a measurable improvement in 
visual acuity was noted in three indi- 
vidual patients even 2 weeks after ac- 
etazolamide treatment had been dis- 
continued. We noted that angiographic 
improvement in macular edema re- 
sulted predominantly from a reduction 
in dye leakage that was originating 
from retinal capillaries and not from 
the choroidal capillaries through the 
RPE. We did not note improvement in 
leakage from retinal radial peripapil- 
lary vessels even when we observed a 
large improvement in leakage from 
perifoveal retinal capillaries. In indi- 
vidual instances, dye leakage inter- 
preted as originating from choroidal 
capillaries might in fact originate 
from deep retinal capillaries whose lo- 
cation could be closer to RPE cells than 
in the normal retina because of retinal 
thinning. Nevertheless, it is this deep 
leakage, probably originating within 
the choroid, that is considerably less 
responsive to treatment with acetazol- 
amide. 

Although improvement in leakage 
from perifoveal retinal capillaries was 
predictably associated with subjective 
and, in 50% of eyes, measurable im- 
provement in visual acuity, patients 
without angiographically improved 
macular edema (the majority of whom 
showed leakage from primarily cho- 
roidal vessels) were still capable of ex- 
periencing both subjective and mea- 
surable improvement in their central 
vision. The precise explanation for the 
latter observation is not apparent, al- 
though Yannuzzi! noted a similar dis- 
parity between measurable improve- 
ment in visual acuity and angiographic 
improvement in some patients with 
aphakic cystoid macular edema. We 
speculate that a reduction in macular 
edema originating from retinal capil- 
laries and/or choroidal capillaries 
through the RPE that is not apparent 
on clinical fluorescein angiography 
can occur with the use of acetazola- 
mide. 

Our findings in four patients docu- 
ment 500 mg/d of acetazolamide to be 
more effective than 250 mg/d. Al- 
though a daily dosage of 250 mg was 
demonstrated as effective when sub- 
jective and angiographic criteria were 
used, measurable improvement in vi- 
sion was found in only one of these four 
patients. Only one patient when re- 
ceiving 250 mg every other day showed 
a subjective and measurable improve- 
ment in vision over baseline and an 
improvement in leakage on angiogra- 
phy. The other three patients showed 


neither subjective nor measurable im- 
provement in vision nor any angio- 
graphic improvement in macular 
edema over baseline values. 

Although our results are encourag- 
ing, the use of acetazolamide for the 
treatment of macular edema in pa- 
tients with retinitis pigmentosa must 
be judicious since carbonic anhydrase 
inhibitors have the potential to cause 
numerous side effects. >! 

The precise mechanism(s) by which 
acetazolamide, and seemingly other 
carbonic anhydrase inhibitors, im- 
proves the amount of macular edema 
remains to be defined. Additional clin- 
ical trials are needed to define the per- 
centage and clinical characteristics of 
patients with various forms of macu- 
lar edema who respond to carbonic an- 
hydrase inhibitors. Whether sustained 
treatment will influence the long-term 
prognosis for visual acuity also needs 
to be ascertained. 
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Using Argon Laser Blue Light Reduces 


Ophthalmologists’ Color Contrast Sensitivity 


Argon Blue and Surgeons’ Vision 


Thomas A. Berninger, MD; Christopher R. Canning, FRCS; Kemal Gündüz, MD; 
Nicholas Strong, PhD; Geoffrey B. Arden, PhD, MBBS, FCO 


® Color contrast sensitivity was mea- 
sured in laser operators before and after 
laser use. After argon blue-green laser 
treatment sessions, sensitivity was re- 
duced for colors lying along a tritan color- 
confusion line for several hours. This 
acute effect is due to specular ‘‘flash- 
backs” from the aiming beam off the sur- 
face of the-contact lens. It is caused only 
by argon 488-nm light, when the aiming 
beam intensity is high. In addition, a cor- 
relation has been demonstrated between 
the number of years of laser experience 
and a chrenic reduction in tritan color 
contrast sensitivity. It is suggested that 
repeated acute changes caused by the ar- 
gon lasers may cause cumulative effects 
and produce a chronic threshold eleva- 
tion. A simple method of eliminating the 
acute effect is documented. 

(Arch Ophtkalmol. 1989;107:1453- 
1458) 


Throughout life, the retina is contin- 
~ uously exposed to visible radiation 
of an intensity sufficient to damage 
most tissues. The efficient protective 
and repair systems may break down if 
excessive radiant energy is absorbed. 
Short-warelength photons have 
higher energy and are thus potentially 
more harmful than those of longer 
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wavelength.! Monkeys were found to 
lose their blue cones after exposure to 
blue light of a given intensity, while 
other wavelengths of equal intensity 
did not cause damage.’ In humans, ex- 
posure to large amounts of blue light 
does not occur naturally; surgeons’ 
retinal exposure to blue light during 
laser use has been measured,’ and 
although the reflection of the argon 
laser can produce ocular discomfort, 
the levels are within current occupa- 
tional safety limits. The determination 
of safety limits, however, depends on 
the sensitivity of the tests applied; the 
present standards are based on the 
absence of histological changes in ex- 
perimental eyes and calculations of the 
thermal, electrical, and acoustic ef- 
fects of the laser beam. It is likely that 
psychophysical methods might detect 
even smaller changes and would, thus, 
be more sensitive detectors of visual 
impairment. 

The most sensitive, well-established 
color vision test is thought to be the 
Farnsworth-Munsell 100-Hue Test.** 
One problem with this test, however, is 
that it may not exclusively test the 
ability to discriminate hues. The tints 
used may not all be equally bright’ as 
the colors fade with time, the illumi- 
nation light may not be standard, and 
the subject may have a spectral sensi- 
tivity curve that differs from the aver- 
age (yellowed lenses in elderly patients 
or tinted glasses). 

Recently, a system for testing color 
vision has been developed where these 
disadvantages are greatly reduced.”* 
The subject is presented with flicker- 


ing red-green and blue-green patches 
of light on a celor television monitor. 
He or she adjusts the device so that the 
three colors are equally bright. This 
adjustment is made by a computer, 
which uses the data to calculate the 
subject’s deviation from the standard 
observer (as defined by the Commis- 
sion Internationale d’Eclairage [CIE)). 
Color discrimination is then tested us- 
ing color-contrast. gratings in which 
all the colors are adjusted to be equally 
bright for that subject. The subjects 
are then asked to determine when a 
just-noticeable difference between 
background and grating has occurred. 
Color contrast thresholds can thus be 
measured uncontaminated by lumi- 
nance changes. 

With this system, it was noted’ that 
laser operators had elevated tritan 
thresholds after laser use, which im- 
proved after 2 hours and returned to 
normal in 24 hours. This study con- 
firms the original report in more laser 
operators and prevides further evi- 
dence that exposure to the aiming 
beam causes the retinal effect. In ad- 
dition, with the increase in the num- 
bers of subjects, it has been possible to 
demonstrate a long-term progressive 
reduction of tritan color vision in laser 
operators. The effects of different la- 
sers have been investigated, and the 
wavelength dependence of the alter- 
ations in color vision has been de- 
scribed. A simple method of eliminat- 
ing the acute e‘fects reported has been 
discovered, which does not affect the 
ability of the surgeon to carry out la- 
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SUBJECTS AND METHODS 
Methods 


A Nimbus (Researeh Machines, Cam- 
bridge, England, software in Microsoft Pas- 
cal) drives a Pluto 1 computer graphic con- 
troller, which displays the image ona high- 
quality color (RGB) monitor (EV 5100). The 
voltage to each color channel can be digi- 
tized to 256 levels to provide 256° or 16.7 
million colors. In practice, only 256 of these 
can be displayed at once, but this limitation 
is of no practical importance. By careful 
calibration and adjustment of the monitor, 
the “gamma” of the system is made to be 
1.96 (the relationship between voltage input 
to light output is a power function with an 
exponent termed gamma, a quantity equiv- 
alent to the gamma or contrast in a photo- 
graphic film). At any point within the CIE 
color space available, the computer can 
then be adjusted to produce another color 
that is just noticeably different (JND) from 
the reference. Between these two colors, the 
computer is able to generate between 4 and 
7 physically different (but to the human eye 
apparently identical) colored outputs, with 
a discrimination limited by the analogue- 
to-digital converters that produce the driv- 
ing voltages for the monitor amplifiers. The 
program ensures that all colors are isolu- 
minant to within 1%. The colors are speci- 
fied in terms of the CIE (XYZ) funda- 
mentals.’ 

To calculate the outputs required for iso- 
luminous colors of varying chromaticity, 
the program makes use of the standard rel- 
ative spectral sensitivity functions. The de- 
parture of each subject’s relative spectral 
sensitivity from the standard normal is de- 
termined by using heterochromatic (min- 
imum flicker) brightness matching. The 
computer then calculates for each patient 
the colors of the grating that are truly 
isoluminant. Such gratings can thus be 
generated even for patients with yellowed 
lenses and tinted glasses. 

For clinical testing of color contrast sen- 
sitivity, we employed 2 cycles of a 0.6 cycle/ 
degree square wave grating, which occupies 
the central 25% of the monitor screen. For 
protan testing, two red stripes flank two 
green stripes. The surround color, which 
remains constant, is a yellow that consists 
of a mixture of the two colors of the grating. 
When the grating modulation (contrast) 
equals zero, all parts of it exactly match the 
surround, and as modulation is increased, 
the colors gradually become more distinct. 
Contrast is arbitrarily defined as 100% 


Fig 1.—Normal observers’ color contrast 


thresholds as a function of age. Top, For col- 
Ors on a protan color confusion line. Center, 
For colors on a deutan color confusion line. 
Bottom, For colors on a tritan color confusion 
line. The solid line is the best fit to the data 
(least squares), and the dashed line, 2.5 SD 
above the grand mean for each color, shows 
the value for the upper limit of normal that we 
have adopted in other figures. The correlation 
coefficient ris also shown. For all three sets of 
data, the r value is insignificant. 
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when the grating colors are separated by 
the maximal possible amount. Threshold is 
measured by displaying a grating starting 
at 0% contrast and gradually increasing 
modulation depth by 1% per second until 
the subject sees -t flashing. In our standard 
protocol, the grazing appears four times per 
second with a daty cycle of 20%, ie, for a 
nominal 50 milliseconds. The hues of the 
grating all fall on the protan, deutan, or 
tritan color cenfusion lines. For the tritan 
colors, the surroand appears a desaturated 
pink, and the grating (at suprathreshold 
contrast) is ef alternate yellow and blue 
bars. The mean normal threshold is 4.5% 
for al. three axes (protan, deutan, tritan), 
with an upper limit of 7.7% (2.5 SD).’* Fig- 
ure 1 shows these normal values. In previ- 
ous reports’? it was shown that the test- 
retest variability is less than the interob- 
server differences. 

Additional Coler Tests. —The Farnsworth- 
Munsell 100-Hue Test and the Panel D-15 
Test were administered according to stan- 
card test instructions.*’° The error score of 
tne 100-Hue Test was evaluated and rated 
as normal or abnormal according to the 
published age-related upper limit.'! No 
computer program was available for calcu- 
lating the axis of abnormality. 

Protocol for Use of Laser Biomicroscope.— 
Preliminary experiments suggested that 
effects on color contrast sensitivity were 
due te the influence of the aiming beam. 
Accordingly, a further experiment was de- 
vised. A subject (T.A.B.) looked with his left 
eye through the right ocular of the slit- 
lamp microscepe of an argon blue-green la- 
ser. The aiming beam was focused through 
a Golcmann taree-mirror contact lens onto 
a white card. The right eye, which had a 
clear view around the microscope, also 
viewed the card. Thus, one eye, the right 
eye, was exposed only to the nonspecular 
reflections of the aiming and the coagulat- 
ing beam, while the other (left) eye was ex- 
posed to the specular reflections of the aim- 
ing beam only. The operator then used the 
laser with three different intensities of 
aiming beam,each time making 300 burns 
on the card. The intensities used were the 
minimum, medium, and maximum. During 
these procedures, the operator allowed fre- 
quent “flashbacks” to occur from the aim- 
ing lens inte his ome eye. Finally, in a fourth 
trial, the operator used the highest possible 
aiming beam intensity but held the lens so 
as to minimize toe flashbacks. 


Surgeons 


The laser operators in this study had used 
lasers for 2 te 15 years. Their ages ranged 
from 30 to 58years (mean, 38.8 years). All 
had visual acuity of 6/6 or better, and 16 
had norma! color vision when tested with 
conventional coler vision tests (Hardy-Rit- 
tier-Rand, Pane! D-15, and 100-Hue). One 
subjeet had eongenital protanomaly. The 
average use of lasers was two nominal 
3-hour sessions per week, but over the 
years, this time had varied considerably, 
and ne further attempt was made to quan- 
tify the total time for which individuals 
might have beem exposed. 
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RESULTS 

Figure 2 shows the tritan axis 
thresholds of eight surgeons before 
and after a clinic session in which they 
treated at least three patients by pan- 
retinal coagulation with an argon 
blue-green laser. A significant increase 
of the tritan threshold was seen in all 
users. After 24 to 48 hours, the color 
contrast threshold returned to base- 
line levels (not shown). This result 
confirms and extends the previous re- 
port. The normal values shown in Fig 
1 were obtained from 32 healthy per- 
sons (hospital employees who did not 
use lasers and patients’ relatives) who 
ranged in age from 10 to 79 years. Note 
that for normal subjects, a very slight 
and insignificant correlation between 
age and threshold was obtained. 

It is remarkable that 2 of the laser 
operators already had a raised tritan 
axis threshold before their laser ses- 
sion. To assess the long-term effect of 
laser use, we examined 17 surgeons 
who had not used the laser for at least 
72 hours. Figure 3 shows the threshold 
results as a function of the number of 
years spent using argon lasers. Figure 
3, top, shows that their protan axis 
thresholds were within the normal 
range with the exception of the prota- 
nomalous subject. Note the absence of 
any age-related changes. 

Deutan axis thresholds (Fig 3, cen- 
ter) were also normal, with the excep- 
tion of the subject who had used the 
laser the longest. This subject had not 
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used a laser for more than 3 weeks 
prior to the study. Six subjects, how- 
ever, had abnormal tritan axis thresh- 
olds (Fig 3, bottom). In addition, a sig- 
nificant correlation existed between 
the tritan thresholds and the number 
of years the surgeon had used the laser 
(r = .74). Older surgeons had used the 
laser longest, so a correlation was also 
present between tritan threshold and 
age (r= .64). This correlation is not 
present in normal nonlaser users 
(r= .04). Thus, the extended results 
indicate that blue-green lasers de- 
crease the users’ tritan color discrim- 
ination in proportion to the duration of 
laser use. 

The influence of the aiming beam 
was investigated by monocular view- 
ing as described in the “Subjects and 
Methods” section, varying the inten- 
sity of the laser light and the number 
of flashbacks. In each case, 300 burns 
were made at a standard rate, so the 
exposure of the operator’s eye to light 
was constant apart from the variation 
in the aiming beam intensity. Each 
test was separated by more than 48 
hours from any other. Color contrast 
thresholds were determined in both 
eyes before and 1 hour after each test. 
The results were clear-cut (Fig 4). In 
the right eye (wnich was not exposed to 
the aiming beam), thresholds as pre- 
viously reported’ remained unchanged 
in all tests (not illustrated). Therefore, 
nonspecular re‘lections do not affect 
the threshold. The results for the left 
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Laser Operator No. 





Fig 2.—Color contrast thresholds before and after use of an argon laser. Results are shown for 
eight laser operators for hues that lie in the tritan axis, before and a‘ter laser sessions. The or- 
dinate is modulation depth, where 100% is the largest modulation possible with the television 
phosphors. Note that in all, the tritan thresholds were raised after the laser sessions. 
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Tritan Color-Contrast Sensitivity, % 


Before Low Medium High 

Intensity of Aiming Beam 
Fig 4.— The influence of aiming-beam intensity 
on tritan thresholds. Four conditions were cho- 
sen. Low, medium, and high intensities are 
those selected by a control on the laser. In one 
case, high aiming-beam intensity was used but 
the operator sought to minimize ‘‘flashbacks.”’ 
Note that there is a correlation between the 
extent of increase of threshold and aiming- 
beam intensity. 


eye were as follows: When flashbacks 
were as far as possible eliminated, or 
when the aiming beam was reduced to 
its minimal intensity, no change in 
threshold was seen; when medium and 
high intensities of the aiming beam 
were used, an appreciable increase in 
the threshold in the left eye followed 
the exposure. Therefore, the bright re- 
flections (flashbacks) from the front 
surface of the Goldmann lens appear 
to be the source of the light that causes 
a rise in color contrast threshold. 
Flashbacks might be expected to oc- 
cur more frequently in less experi- 
enced surgeons who have some diffi- 
culties in manipulating the Goldmann 
lens. Thus, if flashbacks cause the ob- 
served increase in color contrast 
thresholds, the effect should be more 
pronounced in inexperienced surgeons; 
in fact, this expectation is fulfilled. 
Figure 5 demonstrates the results ob- 
tained from two laser operators before 
and after laser treatment of a patient 
with approximately the same number 
of coagulations (2000). The increase in 


Fig 3.— Color contrast thresholds of laser op- 
erators as a function of years of experience 
with the laser, for hues lying on protan (top), 
deutan (center), and tritan (bottom) color con- 
fusion lines. The dotted lines, drawn 2.5 SD 
above the normal population mean, are repro- 
duced from Fig 1. The measurements were 
made at least 72 hours after the last use of the 
laser. The elevated point (top) is from a mildly 
protanomalous observer, who could read all 
except one of the Hardy-Rittler-Rand plates. 
Note that in center and bottom panels his 
thresholds are not elevated. 
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Inexperienced 
Surgeon 


Fig 5.—Tritan thresholds of an experienced and an inexperienced sur- 
geon. The increase is less pronounced in the experienced laser oper- 
ator, whose initial threshold, however, is higher. 


the experienced ophthalmologist, de- 
spite the fact that he started from a 
higher level, was only slight, while the 
inexperienced surgeon’s threshold 
nearly doubled. 

Ham etal' examined retinal damage 
as a function of wavelength of laser 
light. Whale hardly any damage was 
recorded for longer wavelengths, a 
sharp increase was seen when light of 
wavelengths of about 510 nm or 
shorter was used. The argon blue- 
green laser consists of approximately 
70% blue light with a wavelength of 
488 nm and 30% green light with a 
wavelength of 514 nm. Considering 
these results, we should expect consid- 
erably less retinal damage when only 
the argon green light is used. There- 
fore, we modified the experiment de- 
scribed above. The subject first closed 
his left eye and, looking through the 
ecular with the right eye only, viewed 
the card and made 300 burns using the 
“coherent” argon laser with only the 
green output. Flashbacks were allowed 
to be frequent. Then the left eye looked 
through the ocular and the laser was 
switehed to blue-green, the output 
power being adjusted to remain con- 
stant. Coler contrast sensitivity was 
again measured after 300 exposures 
with maximum flashbacks. Figure 6 
shows the results obtained. The in- 
erease of the tritan axis threshold is 
small for green, while it is very high 
for blue-green. 

We next placed blue light-absorbing 
filters in the oculars of the biomicro- 
scope. Two filters were used: a GG495 
glass filter (Ealing Electrooptics, Lon- 
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Fig 6.—Tritan color contrast thresholds measured after the use of ar- 
gon blue-green and argon green light. The intensity of the treating beam 


was switched to 500 mW in both cases. No increase of the thresholds 
can be seen when only the longer waveleagths are used. 
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Fig 7.—Protective qualities of yellow filters. A glass filter (GG495) was placed in the left ocular 
of the biomicroscope, and color contrast thresholds were determined betore and after using the 
laser to make 300 burns in a card, using both blue and green light with maximum aiming-beam 
intensity. Two surgeons took part in this trial. It can be seen that only in the right eye (which re- 
ceived the 488-nm blue light) is the threshold elevated by exposure to the laser. 


don, England) and a gelatine filter 
(Kodak Wratten 12). In both, the cutoff 
wavelength was 490 to 495 nm, so 
argon blue light was attenuated by a 
factor of approximately 100, and the 
argon green light was attenuated by a 
factor of less than 2. The surgeons us- 
ing the photocoagulator reported that 
with these in place they could easily 


see the aiming beam on the retina, and 
the view was unaffected by the filter. 
However, the flashbacks were now only 
of green light, although the patient 
still received the blue light. Under 
these conditions, celor contrast sensi- 
tivity remainec unehanged before and 
after a laser session in two subjects 
(Fig 7), although in these two subjects, 
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blue-green light had also caused a rise 
in threshold (not illustrated). 


COMMENT 


Previous results? suggested that 
flashbacks from the aiming beam of an 
argon blue-green laser result in a de- 
crease in color contrast sensitivity in 
the eyes of laser operators. This report 
confirms the effect on a much larger 
series and provides further evidence 
that the reflected light from the aim- 
ing beam is indeed the cause, since the 
effect varies with the intensity of the 
aiming beam. With the larger series, a 
longer-term threshold elevation has 
been demonstrated, and this can be 
seen to be progressive with the contin- 
ued use of the laser, for within this age 
group, normal thresholds do not rise 
with age (it should be remembered 
that our test compensates for the yel- 
lowing of the lens with age). 

Although flashbacks are brief, they 
are bright and cover a larger area of 
retina than the direct reflection of the 
laser image on the retina. In our work, 
we show that using a low level of aim- 
ing-beam light can prevent alterations 
in color contrast thresholds, but the 
surgeons whom we tested had uni- 
formly raised thresholds, so evidently 
in practice argon lasers have not been 
used in a manner that will avoid a loss 
of sensitivity. The temptation to use 
the maximum intensity of the aiming 
beam is probably so great that simply 
issuing instructions about safety pre- 
cautions to residents and other train- 
ees will not ensure that the flashback 
intensities are reduced to levels suffi- 
cient to remove any change in color 
contrast threshold. However, when 
green light only was used, no decrease 
in color contrast sensitivity was ob- 
served, in agreement with other 
observations.' 

It is likely that our test results 
become abnormal before microscopic 
damage to retinal cones can be seen; 
however, our work strongly suggests 
that prolonged effects on the retina can 
result from light intensities well below 
the accepted safety levels. It is not in- 
frequently necessary to use argon 
blue-green to obtain sufficient power 
for satisfactory retinal coagulation. 
However, it is easy to prevent the 
increases of threshold seen in acute 
usage by placing blue light-absorbing 
filters in the oculars of the biomicro- 
scope, and since this does not materi- 
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ally affect the ease of using the system, 
it is a precaution that might be uni- 
versally adopted. Since glass filters are 
more stable than gelatin, it is likely 
they should be preferred. It is not nec- 
essary to use more complex filters, 
which only block a narrow band of 
wavelengths centered on 488 nm. 

The results also disclose a chronic 
elevation of tritan color contrast 
thresholds, which in our group were 
elevated above normal more than 24 
hours after the last laser use, provid- 
ing the surgeon had used the laser for 
more than 7 years. We have no definite 
evidence that the acute and chronic 
losses we demonstrated are caused by 
the same phenomenon. It seems plau- 
sible that the less experienced the 
ophthalmologist is, the more flash- 
backs he or she gets, and if so, the re- 
sults indicate the following sequence: 
Although the flashbacks cause only a 
temporary increase in threshold, they 
cause slight changes in the cones that 
last for many hours and seem to be cu- 
mulative. After the first years, this ac- 
cumulation results in a prolonged in- 
crease in color threshold; with experi- 
ence, the rate of inerease of the acute 
changes slows down, and thus the 
chronic effect, with this hypothesis, 
may also slow. We do not know 
whether the rate will drop to zero, or if, 
in the long term, the thresholds can 
recover (if the surgeon stops using the 
laser). Although the decrease in color 
contrast threshold is small, it could be 
an indication of a general loss of func- 
tion, and there might be long-term 
consequences if the light-induced 
change is synergistic with the damage 
of normal aging. The use of short- 
wavelength filters in the eyepieces 
again seems prudent. 

However, this will only protect the 
laser operators’ eyes. The patients are 
still exposed to the blue light, and this 
is known to cause losses of color 
vision” to a greater degree. Although 
in most routine treatments the periph- 
ery and not the central retina is coag- 
ulated, scattered blue light still affects 
the parafovea. This is the subject of an 
investigation still in progress. 

Our results are not limited to the 
relatively small group of laser opera- 
tors but highlight the potential danger 
of retinal damage that may occur in 
patients after cataract operation since 
the aging lens is an ideal filter for blue 
light. Recent calculations? have drawn 
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attention to the great increase in 
short-wavelength light to which the 
retina is exposed after cataract opera- 
tion. If changes in retinal function can 
be demonstrated in relatively young 
persons with laser light well below 
recommended safety limits, the long- 
term effects of both laser treatment 
and natural short-wavelength light on 
elderly pseudophakic patients may be 
considerable. This suggests that it may 
be prudent to add to the material 
from which intraocular lenses are 
made dyes that absorb shorter wave- 
lengths. 
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Electroretinographic Findings in Fellow Eyes of Patients 
With Central Retinal Vein Occlusion 


Hiroshi Sakaue, MD; Osamu Katsumi, MD; Tatsuo Hirose, MD 


e inthe study of 50 patients with unilat- 
sral central retinal vein occlusion, abnor- 
mal electreretinograms were observed in 
the fellow eyes of 18 patients (36%). The 
abnormal electroretinograms were super- 
normal in 15 patients (30%) and negative 
(+) in the fellow eyes of 3 patients (6%). 
The amplitudes of a and b waves were sig- 
nificantly greater in the fellow eye than 
those in normal controls. During a 1- to 9- 
year follow-up, central retinal vein occlu- 
sion developed in three fellow eyes (6%). 
The abnormal electroretinograms in the 
fellow eyes reflected such factors as cir- 
culatory disturbance of the retina that 
might have led to central retinal vein oc- 
clusion in the affected eye. 

(Arch Ophthalmol. 1989; 107 1459-1462) 


Tr electroretinogram (ERG) is of- 
ten abnormal in central retinal vein 
seclusion (CRVO).'' Henkes’ and 
Karpe and Germanis’ reported that 
visual prognosis was favorable in eyes 
with normal or supernormal ERGs but 
was poor with subnormal or negative 
ERGs. Sabates et al? and Kaye and 
Harding’ reported that a decreased 
b/a amplitude ratio is a sensitive indi- 
eator of retinal ischemia in patients 
with CRVO. According to Johnson et 
al, in patients with neovascular glau- 
coma, a waves, b waves, and especially 
30-Ez flicker response showed a delay 
of the peak. Bresnick® reported that 
the ERG and fluorescein angiography 
ean determine the severity of retinal 
ischemia and can predict the later oc- 
eurrence of neovascular glaucoma. 

Central retinal vein occlusion is of- 
ten associated with systemic vascular 
abnormalities resulting from hy- 
pertension”’ or diabetes mellitus.’* If 
these abnormalities predispose one to 
CRVO, the basie underlying condition 
would probably affect both eyes simi- 
larly. 

Few eleetrophysiological studies!" 
on the fellow eye of patients with 
CRVO have been published. Henkes' 
reported that some patients with 


Accepted for publication June 6, 1989. 

Fram the Eye Research Institute of Retina 
Foundation (Drs Sakaue, Katsumi, and Hirose), 
Retina Associates (Dr Hirose), and the Depart- 
ment of Ophthalmology, Harvard Medical School 
‘Drs Katsumi and Hirose), Boston, Mass. 

Reprint requests to Library, Eye Research In- 
stitute of Retina Foundation, 20 Staniford St, 
Boston, MA 02114 (Dr Katsumi). 


Arch Ophthalmol—Vol 107, October 1989 


CRVO showed supernormal and nega- 
tive (+) ERGs in the affected as well as 
the fellow eyes. Vannas” observed that 
a subnormal b wave was associated 
with glaucoma but normal vision in 
the fellow eye. In another study by 
Barber et al, the fellow eyes of pa- 
tients with CRVO were regarded as 
valid controls, although a-wave peak 
time was prolonged. We studied retro- 
spectively the ERGs of 50 patients 
with unilateral CRVO and compared 
them with ERGs of similarly aged 
normal control subjects to see whether 
latent abnormalities in retinal func- 
tion were present in the fellow eye of 
patients with CRVO. 


PATIENTS AND METHODS 


We studied 50 consecutive patients with 
unilateral CRVO, aged from 25 to 78 years 
(with a mean of 56.3 years), who were 
referred to the Retina Associates in Boston, 
Mass. Serving as the age-similar, normal 
control subjects were 62 adults with normal 
visual acuity and without any ocular dis- 
ease or abnormality, aged from 29 to 84 
years (with a mean of 52.4 years). Either the 
right or left eye was tested at random in the 
normal subjects. Figure 1 shows the age 
distribution of the patients with CRVO and 
controls. The follow-up for patients ranged 
from 1 to 9 years, with a mean of 5.8 years. 
Patients who had glaucoma, diabetic reti- 
nopathy, cataract, and any other ocular 
disease in one or both eyes were excluded 
from the study because of the difficulty of 
controlling pupil size in glaucoma at the 
ERG recording and because of the effect of 
diabetic retinopathy and other ocular dis- 
eases on the ERG. Patients with bilateral 
CRVO and others with CRVO in one eye and 
branch retinal vein occlusion in the fellow 
eye were also excluded. The fundus of the 
fellow eye in all patients appeared to be 
normal except for a slight dilatation of the 
retinal veins. Included in the study were 11 
patients (22% ) with systemic hypertension 
but without hypertensive retinopathy and 8 
patients (16%) with diabetes mellitus but 
without diabetic retinopathy; this informa- 
tion was obtained by patient history on the 
first visit. Electrophysiological tests were 
performed within 7 months after the initial 
episode of CRVO. 

The ERG was recorded by a method 
described previously.’ A Jacobson contact 
lens electrode (Dunker Laboratories Inc, 
Saratoga, Fla) was used as the active elec- 
trode. The reference electrode was placed 
on the ipsilateral cheek and the ground 
electrode was placed on the earlobe. The 
patient’s pupil was fully dilated with 1% 
cyclopentolate hydrochloride and 2.5% 
phenylephrine hydrochloride. Thirty min- 


utes of dark adeptation preceded the ERG 
recording. The ight source was a strobo- 
scopic light (medel PS-22, Grass Instru- 
ment Co, Quincy, Mass). In the clinical set- 
ting, a complete ERG was done on the 
affected eye, but a single white-flash ERG 
was done on the fellow eye as a control. 
Complete ERG recordings of the affected 
eye were usually made first. Then the ERG 
of the fellow eye was recorded with a single 
white-flash stimulus at an intensity of 1. 
Actual light intensity was 48.5 lux seconds. 
Responses were amplified with a time con- 
stant of 0.24 second and high-pass filter of 
3000 Hz (Amplifier, model 7D, Grass In- 
strument Co). The a- and b-wave ampli- 
tudes were measured in both eyes. 

In the first part of this study, we divided 
the ERG findings into the following types 
based on the Henkes! classification: nega- 
tive (—), subnormal, normal, negative (+), 
and supernormal, as shown in Fig 2. Table 
1 defines the various ERG types. A negative 
(—) ERG indicates that the b-wave ampli- 
tude decreased in comparison with the a 
wave, making the b/a amplitude ratio 1.0 or 
less. A subnormal ERG indicates that the 
b-wave amplitude decreased to less than 
the mean minus 2 SDs for the age-matched 
normal control, but the b/a ratio remained 
greater than 1.0 A normal ERG indicates 
that the a- and b-wave amplitudes ranged 
from the mean minus 2 SDs to the mean 
plus 2 SDs for the age-matched normal 
control. A negative (+) ERG indicates that 
the amplitude of the b wave was normal but 
that the amplitude of the a wave increased 
to more than the mean plus 2 SDs for the 
age-matched normal control. A supernor- 
mal ERG indicates that the b-wave ampli- 
tude increased te more than the mean plus 
2 SDs for the age-matched normal control. 
Our definition of the supernormal ERG in- 
cludes a patient with increases in both a and 
b waves, which Henkes' classified originally 
as a negative (+) ERG. 

In the second part of this study, we com- 
pared the actual a- and b-wave amplitudes 
and b/a amplitude ratios of the fellow and 
control eyes. The comparison was made in 
the following five age groups: 25 to 35 years; 
36 to 45 years; 4€ to 55 years; 56 to 65 years; 
and 66 to 84 years. 

For statistical analysis of each ERG com- 
ponent, we used an unpaired t test. P < <.05 
was considered statistically significant. 


RESULTS 


The distribution of ERG types was 
remarkably diferent among the fellow 
eye, control, and affected eye groups 
(Table 2). In the fellow eye group, 3 
patients (6%) showed a negative (+) 
ERG, and 15 patients (30% ) showed a 
supernormal ERG. Neither a negative 
(—) nor a subnormal ERG was ob- 
served in this group. In 18 fellow eyes 
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with abnormal ERGs, 7 patients (39% ) 
had hypertension and 1 patient (6%) 
had diabetes mellitus. In 32 fellow eyes 
with normal ERGs, 4 patients (13%) 
had hypertension and 7 patients (22% ) 
had diabetes mellitus. All types of ab- 
normal ERGs were observed in 29 pa- 
tients (58% ) of the affected eye group. 
Negative (—) ERGs were seen in 5 pa- 
tients (10% ) of the affected eye group. 
Affected eyes showed supernormal 
ERGs in 17 patients (34% ) and nega- 
tive (+) ERGs in 5 patients (10%) of 
the patients with CRVO. In the control 
group, a normal ERG was observed in 
61 patients (98%) and a supernormal 
ERG was observed in one patient. 

Both fellow eye and affected eye 
groups showed a larger a wave com- 
pared with the control group of all ages 
(Fig 3). The mean percentages of the a 
wave in the fellow eye were 124% of 
the control and in the affected eyes 
they were 130% of the control. When 
the a-wave amplitudes in the fellow 
eye were compared with those in the 
normal control group, the increases 
were statistically significant in groups 
of patients 46 years or older (Fig 3). 
The levels of significance in each age 
group were as follows: 25 to 35 years, 
P = .620; 36 to 45 years, P = .0511; 46 to 
55 years, P = .0212; 56 to 65 years, 
P = .022; and 66 to 84 years, P = .0398. 

Figure 4 compares b-wave ampli- 
tudes of the three groups. Similar to 
the a-wave findings, both fellow eye 
and affected eye groups showed a 
larger b-wave amplitude when com- 
pared with controls among all ages. 
The mean percentages of the b wave in 
the fellow eye were 132% of the con- 
trol, and in the affected eye they were 
127% of the control. The increase in b- 
wave amplitude in the fellow eye group 
also was statistically significant 
among all ages except the 25- to 35- 
year-old group. The levels of signifi- 
cance in each age group were as fol- 
lows: 25 to 35 years, P = .1369; 36 to 45 
years, P= .0235; 46 to 55 years, 
P = .0217; 56 to 65 years, P = .0407; 
and 66 to 84 years, P = .0106. 

When overall increases in ampli- 
tudes were compared in the fellow eye 
group, the b wave was larger than 
the a wave (132% vs 124%). This dif- 
ference was statistically significant 
(P = .0396, paired t test). 

Figure 5 compares the b/a ampli- 
tude ratios of the three groups. The 
b/a amplitude ratios of the fellow eye 
group of all ages were greater than 
those of the controls, but the differ- 
ence was not statistically significant. 
However, the b/a amplitude ratios of 
the affected eye were smaller than 
those of the controls in subjects older 
than 45 years, especially in those 66 
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66-84 


Fig 1.—The frequency histogram of patients with central retinal vein occlusion (CRVO) and nor- 


mal controls. 


Fig 2.—The electroretinogram (ERG) waveform of each type. 


years or older. 

The average a-wave peak times 
(+SD) in the normal control eyes, fel- 
low eyes, and affected eyes were 
12.3 + 1.7, 14.0 + 2.0, and 15.8 + 3.6 
milliseconds, respectively. The b-wave 
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peak times in the same order were 
47.6 + 4.8, 57.0 + 6.5, and 59.4 + 10.4 
milliseconds. The peak times of the a 
and b waves in the fellow eyes were 
significantly longer compared with the 
normal control group (P = .0001). 
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Oscillatory potentials were present 
in 26 affected eyes (52% ) and 47 fellow 
eyes (94%) and absent in 24 affected 
eyes (48% ) and 3 fellow eyes (6% ). Os- 
cillatory petentials were present in all 
normal controls. 

Central retinal vein occlusion devel- 
eped in the fellow eye in 3 (6%) of 50 
patients during the 1- to 9-year follow- 
up. Regarding ERG findings prior to 
this, 2 of these patients showed abnor- 
mal ERGs supernormal and negative 


(+). 
COMMENT 


We found that almost one third of 
the fellow eyes of patients with unilat- 
eral CRVO were not functionally nor- 
mal when evaluated electrophysiolog- 
ally. Henkes' reported that the fun- 
cus im the fellow eye of patients with 
E€RVD was abnormal ophthalmoscopi- 
eallyin 52%, but abnormal ERGs were 
observed in 63% of these patients. The 
bwer percentage of abnormal ERGs in 
our study eompared with that of Hen- 
kes was probably due to our exclusion 
cf patients with ocular disease in the 
fellow eye and with bilateral CRVO. In 
our study, fellow eyes with an ophthal- 
moscopically normal fundus exhibited 
a relatively high percentage of abnor- 
mal ERGs. Also, hypertension was 
present by history in 39% of patients 
who showed an abnormal ERG in the 
fellow eye. The pathogenesis of CRVO 
is correlated strongly with systemic 
vascular diseases.’ Vannas" postu- 
lated that underlying systemic vascu- 
lar abnormalities should influence the 
affected and fellow eyes simulta- 
neously and similarly. In our study, the 
abnormal ERGs were possibly caused 
by a retinal circulatory disturbance in 
the fellow eyes; this disturbance may 
have resulted from vascular abnor- 
malities associated with hypertension, 
arteriosclerosis, and cardiovascular 
disease, although the fundus appeared 
normal in the fellow eyes. Henkes! also 
postulated that a retinal circulatory 
disturbance may account for abnormal 
ERGs. 

Beeause the b wave is generated 
from cells in the neural layer of the 
retina perfused by the retinal circula- 
tion, this wave is affected readily by a 
slight change in the retinal circulation. 
Enhancement of the b wave found in 
tne a‘Tected and fellow eyes of patients 
with CRVO could be caused by retinal 
kypoxia resulting from a circulatory 
disturbance. Brunette et al”? reported 
tnat the b-wave amplitude and im- 
plicit time of response increased as the 
level of ischemia increased. In CRVO,! 
hypertensive retinopathy,' Takayasu’s 
disease,’ diabetic retinopathy, and 
venous stasis in glaucoma," supernor- 
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Table 1.—Definition of Electroretinogram (ERG) Type 


ERG Type * Wave 

_ Negative (— ) 

Subnormal Decreased 
Normal Normal 

Negative (+) wb 

Supernormal Increased 





* X indicates that this amplitude was not used to define the ERG type. 


Table 2.—Classification of ERG Types in Patients With CRVO and Control Subjects . 


Fellow Eyes of Control Eyes of Affected Eyes of 
Patients With Normal Subjects, Patients With CRVO, 
ERG Type CRVO, No. (%) No. (%) No. (%) 


Negative (—) 0) 0 5 (10) 


Normal 32 ar 61 mc 

Negative (+) 3 (6) 

Supernormal 15 (30) 1 ee 

Total 50 (100) 62 (100) 50 (100) 
* ERG indicates electroretinogram; CRVO, central retinal vein occlusion. 
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Fig 3.—When the a-wave amplitudes in the fellow eyes were compared with those in the controls, 
the increases were statistically significant in groups of patients 46 years or older. Each bar rep- 
resents the mean + SD. Asterisk indicates the significant difference between the fellow and con- 
trol eye groups. 


Fig 4.—The increases in the b-wave amplitude in the fellow eye groups were statistically signif- 
icant among all ages except for the 25- to 35-year-old group. Each bar represents the mean + SD. 
Asterisk indicates the significant difference between the fellow and contro! eye groups. 
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Fig 5.— The differences in the b/a amplitude ratios between the fellow and control eyes were not 
statistically significant in any age group. Each bar represents the mean + SD. 


mal ERGs were observed frequently. 
Although the b wave was increased in 
more than one third of the affected 
eyes, it was reduced in severe cases. 
When the impairment of retinal circu- 
lation exceeds a certain level to cause 
severe retinal ischemia, the b wave de- 
creases abruptly. In the affected eye 
group, those who showed a reduced b 
wave were classified as either subnor- 
mal or negative (—). 

However, the mechanism of the en- 
hancement of the a wave is less clear. 
The a wave, or fast PIII component, is 
reportedly very resistant to the low 
oxygen pressure, but the b wave (PII 
component) is affected initially.” We 
suspect that the PIII component (neg- 
ative component) dominates as a re- 
sult of the delay of the PII component 
(positive component), resulting in a 
deeper a wave, which enlarges the 
a-wave amplitude. However, a few 
subjects could be found in our study 
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who showed a larger a wave without 
the prolongation of the b-wave peak 
time. Thus, a possibility exists that a 
retinal circulatory disturbance di- 
rectly enhances the a wave. 

The increase in the b/a amplitude 
ratios in the fellow eye is caused by the 
enhancement of the b wave. The b/a 
amplitude ratios were reduced in the 
affected eyes of older people in our 
study probably because of their se- 
verely impaired retinal circulation re- 
sulting from CRVO. In this condition, 
the b wave decreases drastically and so 
does the b/a amplitude ratio. 

The oscillatory potentials were 
present in the fellow eyes of 47 patients 
(94% ) in our study. Usami’? reported 
that the prognosis in CRVO is poor in 
patients whose oscillatory potentials 
are absent but the prognosis is better 
in patients with good oscillatory po- 
tentials. We think that the impair- 
ment of retinal circulation in the fel- 
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low eye was mild because the oscilla- 
tory potential was still maintained. 
Since their actual amplitudes were not 
measured, the responses in individual 
patients could have been abnormal. 

Central retinal vein occlusion devel- 
oped in the fellow eye in 3 (6%) of 50 
patients during follow-up. These 3 pa- 
tients had unilateral CRVO when we 
saw them initially. Rubinstein and 
Jones” reported that 15% of patients 
who have had a single episode of CRVO 
or branch retinal vein occlusion will 
have an episode in the fellow eye dur- 
ing a 10-year follow-up period. Pollack 
and Dottan” reported that bilateral 
occlusion, including CRVO, hemi- 
sphere CRVO, and branch retinal vein 
occlusion, was found in 8.9% of the pa- 
tients. These reports stated that the 
risk is high for bilateral retinal vein 
occlusion occurring in fellow eyes. Hy- 
pertension and hyperlipidemia are re- 
ported to be major risk factors for re- 
currence of retinal vein occlusion,’ sug- 
gesting that the fellow eye is also 
affected by systemic vascular abnor- 
malities. 

Our study suggests that a signifi- 
cant percentage of patients with uni- 
lateral CRVO may appear to have nor- 
mal or healthy fellow eyes, except for 
slightly dilated retinal veins, but func- 
tionally the eyes are not normal, prob- 
ably because of a retinal circulatory 
disturbance. Our study also raises the 
question of whether fellow eyes with 
an abnormal ERG might have a higher 
risk of acquiring CRVO. Because of the 
consequences suggested by this study, 
not only the eye affected by CRVO but 
also the fellow eye require careful fol- 
low-up. 
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Dislocated Lens Nuclei Simulating Choroidal Melanomas 
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è Three patients underwent echo- 
graphic examinations for lesions sus- 
pected of being choroidal malignant mela- 
nomas. All patients were pseudophakic, 
and two had extensive optic nerve damage 
from inflammatory glaucoma. In all three 
patients echography demonstrated an in- 
travitreal lens nucleus that had been lost 
during cataract extraction. To our knowl- 
edge. dislocated lens nuclei have not been 
reported previously in the differential di- 
agnosis of choroidal melanoma. This diag- 
nosis should be considered in the aphakic 
er pseudophakic patient with a fundus 
mass lesion. Echography is especially 
helpful in establishing the correct diagno- 
sis. 

(Arch 
1464) 
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[esiens simulating malignant mela- 
nomas of the choroid have resulted 
in many uwmnecessary enucleations.'? 
Warieus lesions have been included in 
the differential diagnosis of choroidal 
melanomas, but we have found no pre- 
vious report of a dislocated lens nu- 
cleus simulating melanoma. Three pa- 
tients suspected of having choroidal 
melanomas were found to have intra- 
vitreal lens nuclei by echography. 


REPORT OF CASES 


Case 1.—A 91-year-old woman under- 
went a cataract extraction with intraocular 
lens (IOL) implantation in the right eye in 
August 1982. She had persistent postopera- 
tive inflammation. In July 1984, she was 
found to have an intraocular pressure (IOP) 
of 58 mm Hg OD with corneal edema and an 
ill-defined mass in the inferior fundus. Her 
IOP decreased with topical timolol maleate 
and certicosteroid therapy. 

She was referred to the Bascom Palmer 
Bye Institute, Miami, Fla, in July 1984 for 
evaluation of the fundus lesion that was 
suspeeted of being a choroidal melanoma. 
She had visual acuities of 5/200 OU. Pupil- 
lary examination revealed an afferent de- 
fect on the right. The right eye had marked 
corneal edema, heavy keratie precipitates, 
and an anterior chamber IOL. The left eye 
had a dense«ataract that accounted for the 
decreased vision in that eye. Intraocular 
pressures were 22 mm Hg OD and 20 mm 
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Hg OS. On gonioscopy the right eye had pe- 
ripheral anterior synechiae superiorly, but 
most of the angle was open and densely 
pigmented. The anterior segment changes 
hindered examination of the posterior seg- 
ment. We found an ill-defined, lightly pig- 
mented, immobile mass in the inferior fun- 
dus. Echographic examination revealed a 
lens nucleus enmeshed in vitreous mem- 
branes (Fig 1). 

Case 2.— An 89-year-old woman was re- 
ferred directly to the Echography Depart- 
ment for evaluation of a mass over the in- 
ferotemporal arcade of the right eye that 
had not been seen 2 years previously. The 
referring diagnosis was “rule out malig- 
nant melanoma.” A biconvex mass was 
found that moved freely and had attached 
membranes (Fig 2). When the referring 
physician was contacted he stated that he 
had ruptured the posterior lens capsule 
during cataract extraction and had lost the 
nucleus into the vitreous. After anterior 
vitrectomy, he inserted an iris-fixated IOL. 
The patient reportedly had a benign post- 
operative course but never attained a visual 
acuity better than 20/70 OD. 

CASE 3.—An 85-year-old woman under- 
went a cataract extraction with IOL im- 
plantation in her right eye in October 1984. 
She had severe pain following the proce- 
dure and was hospitalized for several days. 
She was discharged from the hospital with 
medical therapy for glaucoma. In January 
1986 she had an IOP of 45 mm Hg OD and 
a closed angle. An argon laser peripheral 
iridotomy was performed, but the IOP did 
not decrease. 

In October 1986 she was referred to the 
Glaucoma Service of the Bascom Palmer 
Eye Institute for filtering surgery. She had 
visual acuities of light perception in the 
right eye and 20/200 OS. The right eye had 
corneal edema, band keratopathy, mild cell 
and flare, externally visible peripheral an- 
terior synechiae, and an anterior chamber 
IOL. The left eye was normal, except for a 
cataract consistent with her visual acuity. 
Intraocular pressures while receiving max- 
imum medical therapy were 42 mm Hg OD 
and 14mm Hg OS. The chamber angle of the 
right eye was totally closed with synechiae. 
We could obtain only a hazy view of the 
fundus. The optic nerve appeared to have a 
total cup, and there was a brown, dome- 
shaped mass along the inferior arcade that 
we believed might represent a choroidal 
melanoma. Echography (Fig 3) demon- 
strated a 2.9-mm-thick biconvex mass con- 
sistent with a lens nucleus that was resting 
on the fundus. Membranous vitreous opac- 
ities were inserted into the mass. 

The operative report from her cataract 
surgery stated that an extracapsular cata- 
ract extraction had been complicated by 
vitreous loss. There was no mention of a re- 
tained nucleus. We contacted the surgeon 
and he remembered the case as being diffi- 


cult and thought that the nucleus might 
have been lost. 


COMMENT 


Benign lesions can simulate malig- 
nant melanoma and have frequently 
been misdiagnesed as malignant neo- 
plasms, as several studies based on the 
histopathologic data from the Armed 
Forces Institute of Pathology, Wash- 
ington, DC, have shown. In a review of 
eyes enucleated for presumed malig- 
nant melanoma between 1949 and 
1962, Ferry! feund that 19% had a 
process other than melanoma. In a 
follow-up study on Armed Forces In- 
stitute of Pathclogy cases from 1962 to 
1969, Shields and Zimmerman? re- 
ported a 20% erroneous enucleation 
rate. Chang and coworkers? found that 
misdiagnosis in Armed Forces Insti- 
tute of Pathology cases decreased from 
12.5% in 1970 to 1.4% in 1980. Neither 
these reports nor any reports describ- 
ing the accuraey of diagnosis in enu- 
cleated eyes from other institutions** 








Fig 1.—Top, Longrtudimal B-scan through the 
lower periphery shows lens nucleus (arrow) 
and vitreous membranes. The strength of the 
lens echoes is dimimished by sound attenuation 
through the lids. Bottom, Standardized A-scan 
at tissue sensitivity setting shows smooth, high 
surface spikes (arrows) and low reflectivity 
from the lens nucleus. S indicates sclera. 


Dislocated Lens Nuclei—Alward et al 1463 





Fig 2.—Transverse B-scan shows lens nucleus located inferotemporally (arrow). This nucleus 
moved with head position. 
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Fig 3.—Top, Transverse B-scan shows bicon- 
vex lens nucleus (arrow) resting on fundus. 
Note the membranous opacities inserting into 
the lens. Bottom, Standardized A-scan at tis- 
sue sensitivity setting shows smooth, high 
spikes from the anterior and posterior lens 
surfaces (arrowheads). Note the lack of inter- 
nal reflectivity of the lens material. 


lists a dislocated lens nucleus as a le- 
sion simulating melanoma. In a report 
on 400 cases of patients referred for 
melanoma but found to have other di- 
agnoses (none requiring enucleation), 
Shields and associates’ found three in- 
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Fig 4.—Top, Transverse B-scan shows dome- 
shaped choroidal melanoma (arrow) with mar- 
gins that blend with the surrounding retinochor- 
oid layer. Shallow exudative retinal detach- 
ment (R) extends from the inferior tumor 
surface. Bottom, Standardized A-scan at tis- 
sue sensitivity setting shows the highly reflec- 
tive tumor surface (solid arrow), low to medium 
reflective internal tumor spikes (open arrow), 
and sclera (S). 


stances of luxated lenses; there were 
no lens nuclei. 

This report demonstrates that a lens 
nucleus, lost at the time of cataract 
extraction, can simulate a malignant 
melanoma of the choroid. Ophthalmo- 
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scopic evaluation was difficult in the 
three cases presented. Two eyes had 
extensive inflammatory changes, were 
receiving long-term miotic therapy for 
glaucoma, and had anterior chamber 
IOLs. The third eye had not been di- 
lated because of an iris-fixated IOL. 

In the cases reported herein echog- 
raphy was critical in establishing the 
correct diagnosis. Figure 4 illustrates 
the A-scan and B-scan characteristics 
of achoroidal melanoma of similar size 
to the lens nucleus in Fig 3. Note that 
the base of the dome-shaped tumor 
blends with the surrounding retin- 
ochoroid layer unlike the biconvex lens 
nucleus that merely lies on the fundus. 
The internal reflectivity of a choroidal 
melanoma is low to medium, whereas 
the internal nucleus is nonreflective. 
Although a luxated lens nucleus is of- 
ten shaky or freely mobile during ki- 
netic echography, the melanoma is 
immobile and solid. In addition, the 
dynamic kinetic examination demon- 
strates blood flow within the vessels of 
a melanoma, whereas no movement 
occurs within a lens nucleus. 

Because no erroneous enucleations 
for dislocated lens nuclei have been 
reported (to our knowledge), it seems 
that ophthalmologists have success- 
fully avoided this misdiagnosis. How- 
ever, the three cases presented herein 
demonstrate the potential for confus- 
ing a lens nucleus with a choroidal 
malignant melanoma. It is important 
to consider a lost lens nucleus in an 
aphakic or pseudophakic eye with evi- 
dence of a fundus mass lesion. 


Karl C. Ossoinig, MD, provided helpful com- 
ments. 
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A Comparison of the Clinical Variations 


Iridocorneal Endothelial Syndrome 


Martha C. Wilson, MD, M. Bruce Shields, MD 


è lridocorneal endothelial syndrome is 
generally considered to have three major 
variations: Chandler’s syndrome, progres- 
sive (essential) iris atrophy, and the 
Cogan-Reese syndrome. To better under- 
stand the clinical significance of this clas- 
sification, we studied the medical records 
of I consecutive patients from our prac- 
tice. comparing the presentation and 
course of the three subgroups. Chandler’s 
syndrome was the most common clinical 
variant within this spectrum of disease (21 
cases). Patients with Chandler’s syndrome 
had more severe corneal edema than the 
rest of the group, while those with pro- 
gressive iris atrophy (8 cases) or the 
Cogan-Reese syndrome (8 cases) had 
worse secondary glaucoma. 

(Arch Ophthalmol. 1989;107:1465- 
1468) 


[2 the late 19th century, several re- 

ports appeared in the literature de- 
scribing isolated cases of unilateral 
glaucoma with a progressive defor- 
mity of the iris and occasional corneal 
edema. Harms! is generally given 
credit for the most precise description 
of this condition, which became known 
as essential iris atrophy. Chandler,” in 
1956, described cases that were similar 
but oad less-marked iris changes and 
more frequent corneal edema. Chan- 
dler and Grant? commented that this 
condition, which became known as 
Chaadler’s syndrome, might be a vari- 
ant of essential iris atrophy. In 1969, 
Cogan and Reese* reported two cases 
that seemed te span the spectrum of 
iris changes between essential iris at- 
rophy and Chandler’s syndrome, but 
had the additional findings of iris nod- 
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ules. This condition became known as 
the Cogan-Reese syndrome. 

In 1976, Shields and coworkers’ de- 
scribed a larger series of patients with 
the Cogan-Reese syndrome, suggest- 
ing that this is a clinical variation 
within the spectrum of disease that 
includes essential iris atrophy and 
Chandler’s syndrome. Campbell and 
associates® provided the theory of 
mechanism that linked these condi- 
tions by an abnormality of the corneal 
endothelium. Yanoff’ suggested the 
term iridocorneal endothelial (ICE) 
syndrome, which has become the gen- 
erally accepted name for this spectrum 
of disease, which includes Chandler’s 
syndrome, the Cogan-Reese syndrome, 
and progressive iris atrophy (formerly 
called essential iris atrophy). 

In 1978, Shields and associates’ re- 
viewed the records of 82 patients with 
the ICE syndrome from the practices 
of Drs Paul A. Chandler and Richard J. 
Simmons to further characterize the 
clinical nature of this spectrum of dis- 
ease. These patients had been followed 
up during a period of 36 years, which 
preceded the time that the three main 
clinical variations were classified. To 
further evaluate the similarities and 
differences in these three subsets, we 
reviewed the medical records of 37 pa- 
tients with the ICE syndrome who 
have been followed up by us over the 
past 12 years, since the time that the 
current classification was established. 


PATIENTS AND METHODS 


The medical records of 37 consecutive 
patients with a diagnosis of ICE syndrome 
from the Glaucoma Service of the Duke 
University Eye Center, Durham, NC, were 
reviewed. Patient selection was based on 
the following diagnostic features: All pa- 
tients had a typical “hammered-silver” ap- 
pearance of the posterior cornea in one eye 
or corneal edema that precluded visualiza- 
tion of the posterior cornea. In addition, 


of the 


most patients had, in the same eye, various 
degrees of iris atrophy and corectopia, with 
or without iris nodules, and low, broad- 
based peripheral anterior synechiae that 
often extended anterior to Schwalbe’s line. 
Glaucoma was present in many but not all 
of the involved eyes. The iris abnormalities 
were the bases for the classification of the 
disease into its three clinical variations. 
Patients were classified as having Chan- 
dler’s syndrome if the iris was normal or 
had mild stromal atrophy (Fig 1). Those 
with extensive iris changes with marked 
atrophy and hole formation were given the 
diagnosis of progressive iris atrophy (Fig 
2), while the diagnosis of Cogan-Reese syn- 
drome was applied when there were iris 
nodules with any degree of iris atrophy (Fig 
3). 

Nineteen patients were followed up for 1 
to 12 years, while 18 were seen only on a 
single consultation visit. Both groups were 
studied for initial findings, and patients 
available for follow-up were also studied for 
the progression of the condition. 


RESULTS 


Of the 37 patients, the initial diag- 
nostic impression was as follows: 
Chandler’s syndreme in 24, the Cogan- 
Reese syndrome in 7, and progressive 
iris atrophy in 6 cases. On follow-up, 1 
of the patients with an initial diagno- 
sis of Chandler’s syndrome developed 
iris nodules and 2, iris holes. The final 
distribution, therefore, was Chan- 
dler’s syndrome in 21 patients, the 
Cogan-Reese syndrome in 8, and pro- 
gressive iris atrophy in 8. 

Twenty-three of the patients were 
women and 14 were men. The age at 
onset of symptoms ranged from 19 to 
62 years, with an average of 41.5 years. 
All but 1 patiemt was white. The med- 
ical history revealed no consistent sys- 
temic disease, and the family histories 
were noncontributery. Patients in the 
three diagnostic groups were similar 
with regard to each of these charac- 
teristics. 
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The most frequent complaints were 
a decrease in visual acuity, mainly in 
the early morning hours, and changes 
in the size and shape of the pupil. Less 
common complaints included pain in 
and around the eye, tearing, and loss of 
peripheral visual field. Patients with 
Chandler’s syndrome were more likely 
to complain first of a decrease in visual 
acuity, whereas patients with the 
Cogan-Reese syndrome or progressive 
iris atrophy complained more often of 
changes in their pupil. 

The left eye was involved in 26 pa- 
tients and the right eye in 11. No 
patient had bilateral disease, although 
2 patients with the Cogan-Reese syn- 
drome and 1 with progressive iris at- 
rophy had endothelial abnormalities 
in the fellow eye consisting of asymp- 
tomatic islands of beaten-silver ap- 
pearance to the endothelium. 

The initial visual acuity ranged from 
20/15 to light perception (Table 1). The 
initial intraocular pressure ranged 
from 12 to 50 mm Hg. Patients with 
progressive iris atrophy or the Cogan- 
Reese syndrome were more likely to 
have an elevated intraocular pressure 
than patients with Chandler’s syn- 
drome (Table 1). 


Corneal Findings 


The typical corneal endothelial ab- 
normality was a hammered-silver ap- 
pearance of the posterior corneal sur- 
face. It was noted in 31 patients (87% ). 
In the remaining 6, significant corneal 
edema obscured visualization of subtle 
posterior corneal details. The endothe- 
lial abnormality was present focally in 
12 patients and diffusely in 19. There 
was no difference in the distribution of 
this finding within the three variants 
of the ICE syndrome. There was also 
no correlation with the location of fo- 
cal endothelial abnormalities and 
other focal findings, such as peripheral 
anterior synechiae or localized iris at- 
rophy. 

Corneal edema was present in 14 
cases, including 8 (88%) of the 21 
patients with Chandler’s syndrome, 2 
(25%) of the 8 with the Cogan-Reese 
syndrome, and 4 (50%) of the 8 with 
progressive iris atrophy. The edema in 
patients with Chandler’s syndrome 
was most often moderate to severe, 
while that in patients with progressive 
iris atrophy or the Cogan-Reese syn- 
drome tended to be mild to moderate 
(Table 1). This difference in severity is 
statistically significant (P < .003). 
The presence and severity of corneal 
edema correlated with reduced visual 
acuity. Women with corneal edema 
had worse visual acuity than their 
male counterparts, although corneal 
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Fig 1.—Corectopia and ectropion uvea with minimal stromal iris atrophy in a patient with Chan- 
dler’s syndrome. 





Fd 





Fig 2.—Marked inferior corectopia and iris atrophy with multiple iris holes in a patient with pro- 


gressive iris atrophy. 


edema was not as frequent in women 
as in men. 

The presence and severity of corneal 
edema did not correlate with the in- 
traocular pressure (P < .05, test of the 
null hypothesis). Half of the patients 
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with corneal edema had intraocular 
pressure of less than 22 mm Hg (Table 
2). The level of intraocular pressure 
among the patients with corneal 
edema was similar to the rest of the 
study population. 


ICE Syndrome—Wilson & Shields 


Iris Findings 


Twenty patients had stromal iris 
atrephy. Table 1 shows the prevalence 
and severity of the atrophy in the three 
clinical subsets. By definition of the 
clinical variations, this was absent to 
moderate in the 21 patients with Chan- 
dler’s syndrome and severe in the pa- 
tients with progressive iris atrophy, 
while im patients with the Cogan- 
Reese syndrome it was in between 
these two extremes. 

Corectopia was present in 27 pa- 
tients. It was mild to moderate in those 
with Chandler’s syndrome and moder- 
ate to severe in progressive iris atro- 
phy or the Cogan-Reese syndrome. 

Ectropion uvea was found in 10 
cases. The frequency of this finding 
wassimilar for the three subsets of the 
ICE syndrome. The location of the ec- 
tropion uvea was usually in the quad- 
rant corresponding to the direction of 
pupillary-displacement. Iris holes were 
found on initial examination in 6 of the 
3 patients with progressive iris atro- 
phy. Two more patients developed iris 
holes during follow-up. The holes were 
located in the areas of the worse stro- 
malatrophy and were usually opposite 
the direetion of pupillary displace- 
ment. 

Iris nodules, which were typically 
pigmented and pedunculated, were 
found on initial examination in seven 
patients who were consequently given 
the diagnosis of the Cogan-Reese syn- 
drome. One patient, initially diag- 
nosed as having Chandler’s syndrome, 
avertually developed iris nodules, and 
the diagnosis was changed to the 
Cogan-Reese syndrome. 


Angle Findings 


Peripheral anterior synechiae were 
observed in 34 patients. Of the 3 pa- 
tients in whom synechiae were not 
visible om initial examination, 1 devel- 
oped them during follow-up and sig- 
nificant corneal edema obscured angle 
details in the other 2. The synechiae 
extended to or beyond Schwalbe’s line 
in 28 cases. They were visible by slit- 
lamp examination of the peripheral 
cornea in 12 cases. Multiple quadrants 
were involved in 28 cases, while only 
one quadrant was affected in 6 pa- 
tients. There was no difference in the 
extent of angle involvement with sy- 
nechiae among the three clinical vari- 
ants of the ICE syndrome. 


Glaucoma Status 


Half of the patients with the Cogan- 
Reese syndrome and 37% of patients 
with progressive iris atrophy had cup- 
to-disc ratios of 0.9 to 1.0, while only 
5% of the patients with Chandler's 
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Fig 3.—Numerous pigmented iris nodules with irregular pupil and moderate iris atrophy in a pa- 
tient with the Cogan-Reese syndrome. (The superior iris defect is a surgical iridectomy.) 








Table 1.—Clinical Variables in Each of the Three Clinical Presentations of the 
lridocorneal Endothelial Syndrome 


No. (%) of Patients 


Chandler’s 
Syndrome 


Progressive 
iris Atrophy 


Cogan-Reese 
Syndrome 












Variable 


Visual acuity * 
20/40 or better 





15 (71) 



















20/50 to 20/ 100 2 (9) 1 (13) 0 
20/200 or worse 4 (19) O 3 (37) 
intraocular pressure, 
mmHg * 
<22 11 (52) 1 (12) 4 (50) 
23-35 8 (38) 6 (75) 1 (12) 
>36 2 (9) 1 (12) 3 (37) 
Severity of corneal edemat 
Mild 1 (5) 1 (12) 1 (12) 
Moderate 3 (14) 1 (12) 2 (25) 
Severe 4 (19) 0 1 (12) 
None 13 (62) 6 (76) 4 (50) 
Severity of iris atrophy} 
Mild 4 (19) 1 (12) 0 
Moderate 4 (19) 3 (38) (0) 
Severe O (0) 8 (100) 
None 13 (62) i 4 (50) 0 
Cup-to-disc ratios§ 
<0.5 5 (24) 3 (37) 2 (25) 
0.5-0.6 8 (38) (0) 1 (12) 
0.7-0.8 5 (24) 1 (12) 2 (25) 
0.9-1.0 1 (5) 4 (50) 3 (37) 
Not determined 2 (9) 0 0 
No. of medications 
required for intraocular 
pressure lowering 
None 5 (24) 2 (25) 2 (25) 
1-2 12 (57) 3 (37) 3 (37) 
3-4 4 (19) 





* Not statistically significant difference (P > .05, Student's t test). 
+Statistically significant difference (P < .003, Student's t test). 
Statistically significant difference (P < .0001, Student's t test). 
§Statistically significant difference (P < .02, Student's t test). 
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Severity of 
Corneal Edema, 
Intraocular 
Pressure, 
mm Hg 


No. of Eyes 





Mild Moderate Severe 





syndrome had comparable glaucoma- 
tous optic atrophy (Table 1). This dif- 
ference is statistically significant 
(P = .02). 

Visual fields were obtained in 27 pa- 
tients. Of those, 15 were normal, 9 had 
glaucomatous field loss, and 3 had 
nonspecific changes. Visual field loss 
occurred more frequently in patients 
with progressive iris atrophy or the 
Cogan-Reese syndrome than in those 
with Chandler’s syndrome. 

Twenty-eight patients were already 
receiving antiglaucoma medications 
when first seen at the Duke University 
Eye Center. Eighteen of these were 
using one to two medications, while 10 
were using three to four. More patients 
with progressive iris atrophy or the 
Cogan-Reese syndrome were receiving 
three to four medications (Table 1). Of 
the 9 untreated patients, 5 had Chan- 
dler’s syndrome, 2 had progressive iris 
atrophy, and 2 had the Cogan-Reese 
syndrome. 


Course of Treatment 


Nineteen patients were followed up 
for 1 to 12 years. Five patients were 
managed medically, with intraocular 
pressure control in four of these. In the 
fifth patient, intraocular pressure was 
uncontrolled when he became unavail- 
able for follow-up. Argon laser tra- 
beculoplasty was tried in only one pa- 
tient and was ineffective. Ten patients 
underwent filtering surgery, five re- 
quired corneal transplantation for se- 
vere corneal edema, and one required 
cyclocryotherapy. 

A higher percentage of patients with 
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the Cogan-Reese syndrome (50%) or 
progressive iris atrophy’ (75%) re- 
quired filtering surgery, compared 
with patients with Chandler’s syn- 
drome (40%). In 9 of the 10 patients 
undergoing filtering surgery, the in- 
traocular pressure was successfully 
controlled with either surgery alone or 
surgical and pharmacological manage- 
ment. One case was unresponsive to 
both surgical and medical treatment. 

Four of the five patients requiring 
corneal transplantation had Chan- 
dler’s syndrome, while the other had 
Cogan-Reese syndrome. In three of 
these, corneal edema had persisted de- 
spite adequate intraocular pressure 
control. 


COMMENT 


The findings in this study are con- 
sistent with many of the known char- 
acteristics of the ICE syndrome but 
also help to further distinguish the 
three clinical variations within this 
spectrum of disease. Although the typ- 
ical corneal endothelial abnormality 
was present in all patients in whom the 
endothelium could be seen, corneal 
edema was significantly worse in 
Chandler’s syndrome. This observa- 
tion is consistent with that of 
Chandler, who felt that patients with 
this syndrome were more likely to have 
corneal edema than those with pro- 
gressive iris atrophy. The increase in 
corneal endothelial dysfunction could 
not be explained by a difference in dis- 
tribution of the endothelial abnormal- 
ity or by a higher intraocular pressure. 
On the contrary, patients with Chan- 
dler’s syndrome tended to have lower 
pressures than patients in the other 
two subsets. 

Although essentially all patients 
with the ICE syndrome had peripheral 
anterior synechiae, the presence of 
glaucoma was worse in patients with 
progressive iris atrophy and the 
Cogan-Reese syndrome. In these pa- 
tients, glaucomatous optic atrophy 
was significantly worse than in pa- 
tients with Chandler’s syndrome, and 
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visual field loss was more frequent. 
Also, these patients had higher in- 
traocular pressures despite the fact 
that they were receiving higher doses 
of medication. 

The findings of worse corneal edema 
in patients with Chandler’s syndrome 
and worse secondary glaucoma in pa- 
tients with progressive iris atrophy 
and the Cogan-Reese syndrome raise 
questions regarding relative differ- 
ences in the mechanism of these three 
clinical variants of the ICE syndrome. 
An increased prevalence and severity 
of corneal edema suggest a greater de- 
gree of corneal endothelial abnormal- 
ity, which is felt to be the fundamental 
defect throughout this spectrum of 
disease.® It may be that the more ab- 
normal corneal endothelium in the pa- 
tients with Chandler’s syndrome, com- 
pared with the other clinical variants, 
is not only more likely to cause worse 
corneal edema but also has less ability 
to proliferate over the anterior cham- 
ber angle and iris. 

Alvarado et al? demonstrated abnor- 
malities of the endothelial apical sur- 
faces by scanning electron microscopy 
of surgical specimens of Chandler’s 
syndrome and progressive iris atro- 
phy. In particular, they noted inter- 
locking “fingerlike” precesses at the 
apical intercellular borders that were 
more severe in the Chandler’s syn- 
drome specimens. This “zipperlike” 
arrangement may be responsible for a 
decreased ability to migrate over the 
anterior chamber. 

The subsequent contracture of this 
endothelial membrane is felt to be re- 
sponsible for the secondary glaucoma 
and iris changes in the ICE syndrome.‘ 
This may explain why these features 
are found more commonly in patients 
with progressive iris atrophy or the 
Cogan-Reese syndrome, in whom the 
corneal endothelium may have a 
greater ability to proliferate than in 
patients with Chandler’s syndrome, 
thereby leading to more frequent and 
advanced iris abnormalities and sec- 
ondary glaucoma. 


ogy. 1979;86:1549. 
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Refractive Changes After Scleral 


Buckling Surgery 


William E. Smiddy, MD; Donna N. Loupe, CO; Ronald G. Michels, MD; 
Cherrl Enger, MS; Bert M. Glaser, MD; Serge deBustros, MD 


è Pneumatic retinopexy is increasingly 
recommended to treat some patients with 
retinal detachment to avoid the complica- 
tion ef induced refractive changes some- 
times asseciated with scleral buckling 
procedures. Prospective evaluation of re- 
fractwe changes after scleral buckling 
procedures was performed in 75 eyes of 
69 patients. Encircling scleral buckles 
caused an average increased axial length 
of 0.99 mm and average induced myopia 
of 2.75 diopters. Induced astigmatism was 
likely to eccur in patients undergoing 
scleral buckling surgery, but it was not re- 
tated to whether a radial element was 
used. 

(Arch Ophthalmol. 
1471) 


1989; 107:1469- 


(Conventional scleral buckling sur- 

cery for retinal detachment alters 
the shape of the globe. This may cause 
changes in the refractive state of the 
eye. Spherical refractive or axial 
length changes after scleral buckling 
have been reported by most investi- 
gators“ but not by all.” Some authors 
have reported induced astigma- 
tism,'*"* but others have not found as- 
tigmatice changes.”? 

Although one study included a large 
retrespective series and a smaller, but 
sizable, prospective evaluation of 
many refractive parameters,’ most 
studies of refractive error changes af- 
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ter scleral buckling have been retro- 
spective, have consisted of a small 
number of cases, or have dealt with 
surgical techniques no longer in com- 
mon use. Also, postoperative refrac- 
tive changes may improve spontane- 
ously. However, refractive changes 
may be persistent and symptomatic. 

Pneumatic retinopexy has been ad- 
vocated as an alternative means to 
treat selected retinal detachments.'>'® 
One advantage of pneumatic retin- 
opexy is avoidance of induced refrac- 
tive changes, since the shape of the eye 
is not changed. We conducted a pro- 
spective study to evaluate the fre- 
quency and severity of induced refrac- 
tive changes after conventional scleral 
buckling surgery. 


PATIENTS AND METHODS 


Patients with rhegmatogenous retinal 
detachments to be treated by conventional 
scleral buckling operations were enrolled in 
the study. During the time of the study, 
pneumatic retinopexy was used only to 
treat rare detachment cases in which 
scleral buckling surgery was excessively 
hazardous or the patient could not undergo 
an operative procedure. These patients 
were not included in this study. 

Preoperative information and measure- 
ments were obtained the evening before 
surgery or the morning of the day of sur- 
gery. The data included the following: (1) 
age; (2) sex; (3) history of previous scleral 
buckling surgery; (4) vision and anatomic 
status of the fellow eye; (5) best corrected 
visual acuity; (6) retinoscopy and manifest 
refraction; (7) keratometry; (8) A-scan 
echographic measurement of the axial 
length; (9) status of the crystalline lens or 
prior cataract surgery; (10) status of the 





posterior lens capsule after extracapsular 
cataract extraction; and (11) whether the 
macula was involved with the detachment. 

An intermediate fellow-up examination 
was performed 3 to 6 weeks after the 
surgery, when possible. The final follow-up 
examination was performed about 6 
months postoperatively, but it ranged from 
4 to 20 months ewing to scheduling diffi- 
culties. The above measurements were re- 
peated at each of the follow-up visits. 

The scleral buckling technique used in 
this study has been described previously.” 


The scleral buckling elements used were 5- 


or 5.5 X 7.5-mm_ half-thickness sponges 
(Mira 505 + 507, Mira Inc, Waltham, Mass) 
for radial buckling procedures and hard 
silicone elements, including a 0.75 X 2.5- 
mm band (Mira 240) to encircle the globe 
and 2.5 X 7.5-mm cireumferential segmen- 
tal elements (Mira 287). A single double- 
armed 4-0 white silk suture with 8-mm su- 
ture bites was used for radial sponge place- 
ment. The anter or edge of the encircling 
band was routinely located 3 mm posterior 
to the ora serrata, as judged by the location 
of the extraocular muscle insertions and 
transillumination characteristics. 
Mattress sutures for silicone elements 
other than a banc were routinely spaced 2.5 
to 3 mm wider than the element. The ante- 
rior suture bites fer a circumferential 
scleral buckle were taken along the line of 


the extraocular muscle insertions (corre- 
sponding to the ora serrata). In quadrants _ 
where a grooved element was not used, the 





encircling band was anchored using par- 


tial-thickness sclera! tunnels. The buckling 


elements were mdented so the external 
surface followed the usual contour of the 


adjacent sclera. The ends of the band were 


secured with a tantalum clip, usually just 


above the medial rectus muscle in the 


superonasal quadrant. The anterior portion 
of the superior oblique tendon insertion was 
trimmed when necessary to facilitate place- 
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Table 1.—Change in Keratometry by Eye and Type of Scleral Buckle 


Preoperative, 
= 


Absolute Value of 
Change From 
Preoperative, 


3-6 mo 
Postoperative, 


D D D 
Nonstudy eye 6 1.05 1.09 0.04 


1.24 
1.06 
1.62 


n 
9 
Study eye 75 
Radial 51 
Nonradial 24 

*D indicates diopter. 





1.53 
1.32 
1.98 


0.91T 
0.94¢ 
0.85 


tDifference in change comparing study and nonstudy eyes; P = .094. 
Difference in change between radial and nonradial types of scleral buckle; P = .770. 


Table 2.—Change in Keratometry From Preoperative to 3 to 6 Months Postoperative 
Study vs Fellow Eye and Type of Scleral Buckles * 





Types of Scleral Buckle 
re CON. OO O3O;?FnM ee 
Radial Nonradial 





* Study eye more likely to change; P = .01. Difference in change between radial and nonradial types of scleral 


buckling; P = .56. 





Preoperative, 
* 


n D 
Nonstudy eye 47 —2.81 
Study eye 71 —1.30 
Encircled 35 = 1,20 


Nonencircled 36 — 1.40 


*D indicates diopter. 
tP values computed using the Wilcoxon Rank-Sum Test. 
Study eye had significantly larger change than nonstudy eye; P = .004. 
§Eyes with encirclilng scleral buckle had significantly larger change than eyes without encircling scleral buckle; 
P= .001. 


Table 3.—Change in Spherical Equivalent by Eye and Type of Scleral Buckle _ 


3-6 mo 
Postoperative, 


D D Preoperativet 
—2.82 0.01 .949 
—2.87 —1.51¢ <.0001 
—3.95 —2.75§ <.0001 
=1.71 —0.31 <.086 


P Value for 
Change From 


Change From 
Preoperative, 




















Table 4.—Change in Axial Length by Eye and Type of Scleral Buckle (SB) 













Change Nonparametric 






















Pre- 3-6 mo From Pre- t Test P Value for 
operative, Post- operative, Change From 
mm operative, mm mm Preoperative 
Nonstudy eye 63 24.69 24.80 0.11 .2754 
Study eye 68 24.71 25.33 0.61" <.0001 
Encircling SB 33 24.43 25.42 0.99ł <.0001 
Nonencircling SB 35 24.98 25.24 0.26 .0233 





* Study eye had significantly larger change than nonstudy eye; P = .0001. 
tEyes with encircling SB had significantly larger change than eyes without encircling SB; P = .0001. 


ment of a scleral buckle in the superotem- 
poral quadrant. 

Keratometry, retinoscopy, and axial 
length determinations were usually per- 
formed on both eyes at each visit, thus en- 
abling analysis of the reproducibility and 
consistency of the techniques by providing 
a control group from the nonstudy eyes. 
Preoperative retinoscopy was precluded in 
12 patients with a poor retinoscopic reflex 
due to an extensive detachment. The base- 
line sphere and cylinder were ascertained in 
these 12 patients by measuring their spec- 


tacles. Preoperative keratometry was per- 
formed on all patients. Mean changes in 
keratometry and astigmatism were based 
on the absolute value of changes, so as to 
avoid confounding the analysis by numeric 
cancellation of positive and negative values. 
Cases of apparent axial shortening and in- 
duced hyperopia were rare, so numeric 
cancellation did not confound the analyses 
of mean axial lengthening and induced my- 
opia. 

Statistical analyses using the x? test for 
categorical variables, the Mann-Whitney U 
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Test for measurement data, and the 
Wilcoxon Matched-Pairs Signed Rank Test 
for paired measurement data were per- 
formed to compare various subgroups. 


RESULTS 
Clinical Characteristics 


There were 75 eyes of 69 patients. 
The average patient age was 58 years 
(range, 16 to 87 years), and there were 
38 male and 31 female patients. Previ- 
ous scleral buckling surgery or a sec- 
ond operation after the first procedure 
in our study was performed in the 
study eye of 11 patients and the fellow 
eyes of 11 patients, including 2 who had 
had prior scleral buckling surgery in 
both eyes. Seven patients underwent 
scleral buckling surgery in both eyes 
during the study period. Fifty-three 
patients had no previous or subsequent 
scleral buckling procedures in either 
eye. The lens status was as follows: 44 
phakic eyes, 8 aphakie eyes, and 23 
pseudophakic eyes. In the latter group, 
there was a posterior chamber lens in 
15 eyes with an intact posterior cap- 
sule in 6 patients and a capsulotomy in 
9 patients. Eight eyes had iris-plane or 
anterior chamber intraocular lenses. 
The macula was detached in 46 (61% ) 
of 75 eyes. The preoperative visual 
acuity was 20/30 or better in 29 eyes 
(38% ), 20/40 to 20/80 in 13 eyes (17%), 
and 20/100 or worse in 33 eyes (44% ). 

The type of scleral buckle used was 
as follows: (1) radial buckle only in 34 
eyes; (2) circumferential segmental el- 
ement only in 4 eyes; (3) encircling 
band only in 2 eyes; (4) radial buckle 
combined with an encircling band in 11 
eyes; (5) encircling band with a 
broader circumferential element in 18 
eyes; and (6) radial buckle combined 
with an encircling band and circum- 
ferential segmental element in 6 eyes. 

The best corrected postoperative vi- 
sual acuity was 20/30 or better in 40 
eyes (53% ), 20/40 to 20/80 in 16 eyes 
(21% ), and 20/100 or worse in 19 eyes 
(25% ). An intermediate follow-up ex- 
amination was performed on 48 eyes 
and ranged from 3 to 12 weeks (me- 
dian, 5 weeks). Final follow-up exami- 
nation ranged from 4 to 22 months, 
with a median of 6 months. One part of 
the examination was sometimes omit- 
ted for various reasons, accounting for 
variations in the number of eyes in 
some parts of the data analysis. 


Analysis of Refractive Changes 


There was a tendency for induced 
astigmatism after the scleral buckling 
procedures (Table 1) (P = .001). How- 
ever, there was no association of in- 
duced astigmatism with radial vs non- 
radial elements (Table 2). The kera- 
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tometry measurements showed a 
ehange in corneal astigmatism rang- 
ing from a decrease of 4.5 diopters (D) 
to an increase of 5.25 D (mean change, 
0.30 D). The change in cylinder, as 
measured by retinoscopy, ranged from 
a decrease of 2.50 D to an increase of 
2.50 D (mean change, 0.28 D). The pat- 
tern of induced astigmatism as mea- 
sured by retinoscopy paralleled the 
findings with keratometry. Thus, nei- 
ther retinoscopy nor keratometry 
demonstrated significant induced 
astigmatism due to use of radial 
sponges. In seven eyes, radially ori- 
ented sponges extended to the ora ser- 
rata, and these eyes did not have ap- 
preciable induced astigmatism. 

The spherical equivalent of the re- 
fraction changed an average of —2.75 D 
in eyes with an encircling scleral 
buckle (P < .0001), while the spherical 
equivalent changed an average of 
—().31 D in eyes without an encircling 
scleral buckle (P < .086). The change 
im eyes with an encircling scleral 
buckle was significantly different com- 
pared with eyes without an encircling 
scleral buckle (P = .001) (Table 3). The 
eccasional hyperopic values did not 
artifactitiously affect myopic values 
when a trend test was applied to the 
distributions in the fellow eye vs the 
study eye (P = .004) and in encircled 
eyes vs nonencircled eyes (P = .0001). 

The axial length increased an aver- 
age of 0.99mm after an encircling pro- 
cedure (P < .0001) and an average of 
0.26 mm after nonencircling proce- 
dures (P = .086). The increase in axial 
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length was greater for eyes with an 
encircling scleral buckle compared 
with the other eyes (P = .0001) (Table 
4). Although a few eyes had shortening 
of the axial length, these negative val- 
ues did not alter this analysis when a 
trend test was applied to the distribu- 
tions of the fellow eye vs the study eye 
(P = .00005) and the encircled eyes vs 
nonencircled eyes (P = .00005). 


COMMENT 


Scleral buckling operations cause a 
change in the shape of the sclera and 
can cause induced refractive changes, 
including astigmatic and nonastig- 
matic changes. Clinically significant 
induced astigmatism has been found 
postoperatively in some studies'*"* but 
not in others.™ In most studies, in- 
duced astigmatism is infrequent?’ and 
transitory,*’!?4 although it has been 
reported to be progressive,” long 
lasting,” and rarely to require removal 
of the scleral buckle.'! Induced astig- 
matism has been associated with ra- 
dial rather than circumferential 
scleral buckles, greater scleral 
buckle height,'? medial rectus disin- 
sertion,® anterior location of the 
scleral buckle,’ and use of sponge ma- 
terial rather than hard silicone.” In 
this study, we did observe induced 
astigmatism after scleral buckling 
procedures, but this was not associated 
with the use of radial vs nonradial 
elements, even when radial elements 
extended to the ora serrata. Keratom- 
etry measures only the central 3 mm 
(or less) of the cornea, so there could be 
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peripheral or irregular astigmatism 
that we did not detect. 

Previous studiesof refractive or ax- 
ial length changes after retinal reat- 
tachment surgery ñħave found induced 
hyperopia (or axial shortening) after 
scleral resections! and no changes af- 
ter some scleral backling operations, 
including some encircling proce- 
dures.**”!* However, most studies have 
found induced myopia (increased axial 
length).” The amount of increased ax- 
ial length depends on the height of the 
encircling scleral suckle,’ although 
an extremely high encircling scleral 
buckle can have a paradoxical effect 
with a decrease ir axial length. The 
amount of inducec myopia has been 
reported to be greater in phakic eyes 
than in aphakic eyes owing to anterior 
displacement of the crystalline lens in 
phakic eyes.’ 

Our study found that axial length- 
ening and correspcnding induced my- 
opia were predominantly associated 
with use of encircling elements and 
segmental elements in combination 
with an encircling band. Radial scleral 
buckling procecures were infrequently 
associated with refractive changes. 
This study was no designed to com- 
pare pneumatie rezinopexy with con- 
ventional scleral buckling procedures, 
but candidates for pneumatic retin- 
opexy can usually be treated with a 
radial scleral buckle. When a radial 
scleral buckle ts used the risk of sig- 
nificant postoperative refractive 
changes is low, although there is some 
risk of induced astigmatism. 
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Retinal Hemorrhage Predicts N eurologic Injury 


in the Shaken Baby Syndrome 


W. Scott Wilkinson, MD; Dennis P. Han, MD; Marsha D. Rappley, MD; Clyde L. Owings, MD 


@ Shaken baby syndrome consists of 
intracranial and intraocular hemorrhage in 
the absence of signs of direct trauma in 
infants who have sustained whiplash/ 
shaking injuries. We evaluated 14 consec- 
utive cases of presumed shaken baby 
syndrome seen at the University of Michi- 
gan Hospitals, Ann Arbor, between August 
1983 and March 1988, to determine if the 
severity of retinal hemorrhage was predic- 
tive of the severity of acute neurologic in- 
jury. The severity of retinal hemorrhage 
was based on the type and size of hemor- 
rhage and the extent of fundus involve- 
ment. We found a significant correlation 
between retinal hemorrhage severity and 
acute neurologic findings. Diffuse fundus 
involvement, vitreous hemorrhage, or 
large subhyaloid hemorrhages were asso- 
ciated with more severe acute neurologic 
injury. 

(Arch Ophthalmol. 
1474) 


1989; 107:1472- 


he shaken baby syndrome is a 

unique form of child abuse in which 
intracranial injury and intraocular 
hemorrhage may exist in the absence 
of external signs of direct head 
trauma.'’ In this syndrome, there is 
often a vague clinical presentation 
with minimal history of trauma, yet 
there may be substantial intracranial 
bleeding or other cerebral injury that 
may lead to permanent neurologic def- 
icit and mental retardation.: Re- 
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cently, Giangiacomo et al‘ reported 
retinal hemorrhages preceding the 
clinical and radiographic recognition 
of subdural hematoma in infants who 
have suffered whiplash/shaking-type 
injuries. The ophthalmologist may, 
therefore, be asked to evaluate an 
early manifestation of this condition 
before the complete evolution of its 
neurologic complications. 

Although the association between 
intracranial injury and intraocular 
hemorrhage in battered or whiplash- 
shaken infants is well described, it is 
unknown whether a relationship ex- 
ists between the severity of intracra- 
nial injury and severity of retinal hem- 
orrhage. We attempted to determine 
whether such a relationship exists and 
to determine if certain clinically rec- 
ognizable characteristics of retinal 
hemorrhage would help to identify in- 
fants at high risk for severe intracra- 
nial injury. 


PATIENTS AND METHODS 


The study consisted of 14 consecutive 
cases of shaken baby syndrome evaluated 
by the child protective services at the Uni- 
versity of Michigan, Ann Arbor, between 
August 1983 and March 1988. Shaken baby 
syndrome was defined as findings of in- 
traocular hemorrhage and intracranial in- 
jury in the absence of external signs of head 
trauma. During this period, all children 
suspected of being abused underwent a 
complete physical examination and radio- 
logic studies as deemed necessary by the 
examining pediatrician. Children suspected 
of having intracranial injury underwent 
computed tomography of the head, and a 
fundus examination was performed by an 
ophthalmologist. When the children were 
in neurologically stable condition, their pu- 
pils were pharmacologically dilated to fa- 
cilitate indirect ophthalmoscopy and fun- 
dus photographs. Ophthalmoscopy was per- 
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formed and photographs were obtained 
within 72 hours of the injury. 

An initial neurologic score was deter- 
mined from the clinical examination and 
computed tomographic findings of the head 
obtained within the first week of presenta- 
tion (Table 1). The scoring system was de- 
signed by a pediatric neurologist (M.D.R.) 
to reflect the hemorrhagic complications of 
the syndrome and the resulting clinical de- 
rangements as manifested in the neurologic 
examination. Two authors (M.D.R. and 
W.S.W.) who were “masked” to the fundus 
findings jointly determined the neurologic 
scores. A higher score reflected a more se- 
vere injury. A late neurologic score was as- 
signed to 8 of the 12 patients who survived 
and were followed up for between 12 and 56 
months. This score was assigned based on 
the presence of motor or cognitive delay, 
seizure activity, or residual focal deficit. 
Additionally, points were assigned for the 
presence of hydrocephalus or substance loss 
demonstrated on computed tomography 
of the head on follow-up examinations (Ta- 
ble 2). None of these characteristics was 
used in determining the initial neurologic 
scores. 

The severity of retinal hemorrhage was 
judged from fundus photographs by one of 
us (D.P.H.) who was masked to the neuro- 
logic findings. The hemorrhagic retinopa- 
thy in all of our patients consisted of in- 
traretinal or subhyaloid hemorrhages oc- 
curring primarily in a paravenous 
distribution, involving the peripapillary, 
macular, and peripheral regions of the fun- 
dus relatively independent of each other. 
Hemorrhage into the cortical vitreous was 
also seen. Classification of intraocular hem- 
orrhage was based on clinically discernible 
characteristics (Table 3) relating to the 
type and extent of hemorrhage. Each eye 
was assigned a point score based on these 
characteristics, and each case was assigned 
a retinopathy score equal to that of the 
worst eye. In patients with equal retinopa- 
thy scores, eyes with larger subhyaloid 
hemorrhages or a larger number of intra- 
retinal hemorrhages were ranked higher in 
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severity. Spearman’s Rank Correlation 
Test cr, when appropriate, the independent 
t test was used to determine whether a cor- 
relation existed between the severity of 
retinopathy and the neurologic scores. 


RESULTS 


The mean age of the 14 patients (9 
male and 5 female) when injured was 
10.5 months (range, 2 to 28 months). 
Eleven of the 14 patients were younger 
than 1 year old. Ten patients were 
white, 3 were black, and 1 was of mixed 
racial descent. Two patients died 
withm 48 hours of presentation. The 
frequency, laterality, range, mean, and 
median scores for the severity of in- 
traocular hemorrhage are given in Ta- 
ble 4 The frequency, mean, and me- 
cian of initial neurologic injury scores 
are given in Table 5. The initial and 
late neurologic injury scores according 
to the retinopathy score are given in 
Table 6. We found a significant corre- 
lation between the retinopathy score 
and the initial neurologic injury score 
(N = 14, r= .574, .01 < P< .05) anda 
corrrelatien of borderline statistical 
significanee between the retinopathy 
score and late neurologic injury score 
(N = 8, r= .595, P > .05). The relation- 
ship between a severe initial neuro- 
logic score (initial neurologic score 
greater than or equal to the median 
score of 6 points) and the type and ex- 
tent of intraocular hemorrhage sus- 
tained is given in Table 7. Patients 
with vitreous hemorrhage, subhyaloid 
hemorrhage (=2 disc areas), or diffuse 
involvement (hemorrhage in all three 
fundus regions) had a significantly 
higher risk of severe acute neuro- 
logic injury (P =.01, Fisher’s Exact 
Test) 

Children with bilateral retinal hem- 
orrhage tended to have more severe 
acute neurologic injury. Seven of 11 
patients with bilateral retinal hemor- 
rhages had initial neurologic scores of 
6 or greater, whereas only 1 of 3 pa- 
tients with unilateral retinal hemor- 
rhages demonstrated a similar score. 
This difference was not statistically 
significant, however. 

The mean age (+SD) of children 
with severe-type retinopathy was 
6.4+ 3.7 months compared with 
14.6 + 9.8amonths for children without 
severe-type hemorrhage. This age dif- 
ference was of borderline significance 
(P = .058, independent t test). A weak 
but nonsignificant correlation was 
found between patient age and retin- 
epathy sceres using Spearman’s Rank 
Correlation Test (r = .501, P > .05). 
We found a strong correlation between 
the initial and late neurologic injury 
scores in the eight patients who were 
followed up for 12 months or more 
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Table 1.—lInitial Neurologic Score* 


Score Factors Points 


Level of consciousness 
Awake, alert 


(0) 
Somnolent 1 
Obtunded, stuporous 2 
Coma 3 


Clinical neurologic findings 
Focal or generalized weakness 1 


Seizure activity 1 


Head circumference 
> 90th percentile 


or bulging fontanelle 1 
Posturing 1 
Head CT findings 
Subarachnoid hemorrhage 1 
Subdural hematoma 1 
Cerebral edema 1 


Bilaterality of any of 
above CT findings 


* Initial neurologic score equals the sum of point 
scores corresponding to presence of above charac- 
teristics (total points possible, 11). CT indicates com- 
puted tomographic. 












Type (only one category chosen) 
Mild: Intraretinal hemorrhages only 


Table 3.—Classification of Intraocular Hemorrkage* 


Hemorrhage Points 


Moderate: Subhyaloid hemorrhage, all lesions <2 disc areas in size 2 
Severe: Subhyaloid hemorrhage, any lesion >2 disc areas in size, or 


vitreous hemorrhage 3 
Extent (sum of categories below) 
Any hemorrhage within the following areas: 
Macula (>1 DD from disc, within 2 DD of fovea) 1 


Peripapillary (within 2 DD of disc margin, excluding macula) 
Periphery (outside macula or peripapillary regions) 














Table 2.—Lete Neurologic Score* 


Findings Points 


Clinical 
Motor delay 


Cognitive delay 
Seizure activity 
Residual focal deficit 


CTt 
Hydrocephalus 1 


Substance loss 


-l -i i ë — 


*Late neurologic score equals the sum of point 
scores corresponding to presence of above clinical 
characteristics (total .0ints possible, 6). CT indicates 


computed tomographic. 






* Retinopathy score equals the sum of scores from above two categories (tetal points possible, 6). DD indi- 


cates disc diameter. 


Table 4.—Frequency and Laterality of 
Retinopathy Scores in 14 Patients 
With the Shaken Baby Syndrome* 


Point 
Score 


0 
2-3 
4-5 
6 § 
Total Cases 14 


* Mean retinopathy score: 4.4 points; median retin- 
opathy score: 4 points. 


No. of 
Cases Unilateral Bilateral 





Table 5.—Frequency of Initial 
Neurologic Injury Scores in 14 
Sheen Infants * 


0-3 3 
4-6 7 
7-9 4 
* Mean initial neursiogic injury score: 5.36 points; 
median initial neurolcgic imjury score: 5 points. 


Table 6.—Initial and Late Neurologic Injury Scores According to Retinopathy Scores 


Initial Neurologic Score 
——. 9. -——- ui x~—- 
Mean Score 


No. of 
Cases 


Retinopathy 
Score 


Late Neurologic Score 
————_—_——___——_———_———_—_——_—_—_—_—_—_{ 
No. of Mean Score 


(Range) Cases (Range) 


2 1 3 (3) 1 O (0) 


Total No. of Cases N= 14 


Spearman's rank correlation 
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r= 574, P< 0S 


n=8 
r= .595, P > .05 


1473 





Table 7.—Relationship Between Initial 
Neurologic Score and Severity of 
Retinal Hemorrhage 


Presence of Severe 


Initial Retinal Hemorrhage * 


Neurologic 
Score 


* Defined as diffuse retinal hemorrhage (involving 
macular, peripapillary, and peripheral retina), subhy- 
aloid hemorrhage 2 disc areas or larger in size, or vit- 
reous hemorrhage. Fisher’s Exact Test: P = .01. 


(r = .976, P<.01, Spearman’s Rank 
Correlation Test). 


COMMENT 


= Our results indicate that the sever- 

ity of intraocular hemorrhage corre- 
lates with the severity of acute neuro- 
logic injury. The presence of subhya- 
loid hemorrhage greater than 2 disc 
areas in size, vitreous hemorrhage, or 
diffuse hemorrhage involving all three 
fundus regions (peripapillary, macu- 
lar, and peripheral retina) was associ- 
ated with a high initial neurologic 
score. In these children, the likelihood 
of severe neurologic injury seems to be 
much higher than in those without 
these characteristics. Although no sta- 
tistically significant correlation was 
found between the retinopathy score 
and the late neurologic findings, there 
was a tendency for patients with high 
retinopathy scores to have more resid- 
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ual neurologic sequelae. Furthermore, 
children with severe initial neurologic 
injury were more likely to have more 
severe late neurologic sequelae. These 
findings suggest that an indirect rela- 
tionship may exist between retinopa- 
thy, a predictor of acute neurologic in- 
jury, and late neurologic sequelae. It is 
possible that a larger number of pa- 
tients with long-term follow-up would 
have provided statistical significance 
to this relationship. Nevertheless, the 
limited number of patients with long- 
term follow-up (two deaths, four pa- 
tients unavailable for follow-up) pre- 
cluded an adequate assessment of 
whether an association existed be- 
tween retinopathy and late neurologic 
sequelae. 

Although our data failed to demon- 
strate a statistically significant corre- 
lation between severe retinopathy and 
age, younger patients tended to have 
higher retinopathy scores. Many dif- 
ferent pathophysiologic mechanisms 
have been proposed to explain the in- 
traocular hemorrhages seen in the 
shaken baby syndrome and their rela- 
tionship to age.?°*"! The tendency for 
more severe retinopathy in younger 
patients could be explained by clinical 
and experimental evidence that sug- 
gests that intraocular hemorrhage 
may occur from abrupt elevation in 
retinal venous pressure secondary to 
an acute, rapid rise in intracranial 
pressure.'*’*'* Younger children weigh 
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less, have greater head size in relation 
to body size, and have less developed 
neck musculature to support the head 
during shaking of the thorax. These 
factors may allow the heads of younger 


children to sustain a greater whiplash Y} 


effect and more severe elevations in 
retinal venous pressure.’ 

In many cases of child abuse, the 
history is vague, without a clear-cut 
episode of shaking elicited. We cannot 
eliminate the possibility that the chil- 
dren in this study were subjected to 
more direct head trauma than indi- 
cated by the clinical examination and 
that the ocular manifestations we ob- 
served were a result of “battering” 
rather than a purely whiplash/shak- 
ing-type of injury. Nevertheless, our 
patient population seems to reflect an 
indirect mechanism of injury that is 
more consistent with whiplash/shak- 
ing based on the absence of clinically 
detectable signs of direct head trauma. 


CONCLUSION 


We found that the severity of retinal 
hemorrhage was predictive of the se- 
verity of acute neurologic injury in 14 
children with the shaken baby syn- 
drome. We also found the presence of 
large subhyaloid hemorrhages, vitre- 
ous hemorrhage, or diffuse involve- 
ment of the fundus to be useful in 
identifying battered or shaken chil- 
dren who are likely to have severe 
neurologic injury. 
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Asymptomatic Miniocclusions of the 


Optic Disc Veins in Glaucoma 


Anja Tuulonen, MD 


e This study was done to document 
photographically the evolution of asymp- 
tomatic venous stasis changes of the op- 
tic dise in glaucoma, estimate their preva- 
lence, and report the clinical findings. 
Asymptomatic venous miniocclusions 
were found to develop and occasionally 
disappear in the optic disc stereophoto- 
graphs of nine patients with early to mod- 
erate glaucoma or ocular hypertension 
during a mean follow-up of 9 years. In the 
1664 photographs examined, a preva- 
lence of 3% was found. None of the pa- 
tients had a history of retinal vein occlu- 
sion or venous stasis retinopathy. Pro- 
gression of glaucomatous optic disc 
changes occurred in eight of nine patients. 
it is possible that asymptomatic minioc- 
clusions are secondary to the changes at 
the bottom of the optic cup. The minioc- 
clusions, which are easily missed if not 
lcokec for, may be an early indicator of 
glaucomatous progression of the optic 
disc cupping. 

(Arch Ophthalmol. 
1480) 


1989; 107:1475- 


he association between glaucoma 

and central retinal vein occlusion is 
well recognized,' while the association 
between elevated intraocular pressure 
and branch retinal vein ocelusion has 
been reported to be less clear.'” Al- 
though true hemorrhagic thrombosis 
tends to affect glaucomatous eyes in 
rather early stages of the disease,’ 
there are only a few reports of asymp- 
tomatic venous stasis changes in the 
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optic nerve head in early or moderate 
stages of glaucoma.** Slowed filling 
rate of the retinal veins in fluorescein 
angiography has been reported in pa- 
tients with glaucoma.’ 

In asymptomatic venous miniocclu- 
sions there is chronic obstruction of 
the veins in the optic disc with canal- 
ization of the blood flow through col- 
lateral vessels. The patients have no 
visual disturbances or show no signs of 
hemorrhagic vein occlusion or venous 
stasis retinopathy, after which collat- 
eral vessel formation in the optic disc 
is frequently seen.” An explanation for 
the absence of clinical symptoms in the 
asymptomatic venous stasis changes 
in the optic disc may be the gradual 
onset of occlusion. 

The purpose of this study was to 
document photographically the evolu- 
tion of asymptomatic venous stasis 
changes in the optic disc, estimate 
their prevalence in glaucoma and ocu- 
lar hypertension, and report the clini- 
cal findings. 


MATERIALS AND METHODS 


Asymptomatic venous stasis changes in 
the optic disc were found in nine patients 
with glaucoma or ocular hypertension. In 
four of these patients, these changes were 
found during routine clinical photographic 
examinations. In addition, changes in the 
other five patients were found when the 
photographs of retrospective study mate- 
rial were examined to estimate the preva- 
lence of such asymptomatic miniocclusions 
in glaucoma and ocular hypertension. This 
retrospective material was collected earlier 
for a separate study from all patients with 
glaucoma and those suspected to have glau- 
coma at Oulu (Finland) University Eye 
Clinic. All patients, except those with end- 
stage glaucoma, who had been photo- 
graphed at least three times and had a 
minimum follow-up of 5 years were in- 
cluded. The study material consisted of 1664 
photographs of 185 subjects (359 eyes), with 
104 patients having glaucoma and 61, ocu- 


lar hypertension; in addition, 20 normal 
subjects were included. 

None of the nine patients had a history of 
visual disturbances. No hemorrhagic vein 
occlusion or venous stasis retinopathy was 
found during the follew-up. The patients 
were photographed four to seven times 
(mean, 5.7 times) curing a follow-up of 6 to 
12 years (mean, 9 years). The mean age of 
the five women and feur men was 54 + 7 
years (range, 44 te 63 years). 

Stereoscopic photographs of the optic 
disc were taken with a Zeiss fundus camera 
on black-and-white film using a green filter 
and an Allen stereo separator." In all pa- 
tients the vertical and horizontal cup-to- 
disc ratios and the cup-to-dise area ratios 
were measured from the stereoscopic fun- 
dus photographs in the beginning and at the 
end of the follow-up period. In addition, in 
six patients in whom the axial length of the 
eye could be obtained, the magnification- 
corrected optic disc area and neuroretinal 
rim area were measured.” In seven patients 
wide-angle retinal nerve fiber layer 
photographs" also were available after 
1982. 

Early in the follow-up the central visual 
fields were examimed with a Friedmann 
analyzer and later with an automated 
perimeter (Humphrey 30-2 program or 
OCTOPUS G1 program). The peripheral vi- 
sual fields were examined with a Goldmann 
perimeter. 


RESULTS 


The prevalence of asymptomatic 
venous stasis changes was 2.9% 
(3/104) in patients with glaucoma and 
3.3% (2/61) in ocular hypertensive pa- 
tients. One (1%) of the 104 patients 
with glaucoma had a branch vein oc- 
clusion without collateral vessel for- 
mation in the optic disc. No central 
retinal vein occlusions were found. 

In three patients the vein occlusion 
could be identified at the bottom of the 
optic cup (Fig 1). In one patient the 
appearance of a collateral vessel de- 
noted venous stasis change in the up- 
per nasal disc rim. In four cases vessel 
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changes could be seen both at the bot- 
tom of the cup and on the disc rim (Figs 
2 through 4). In one patient the occlu- 
sion of the vein was caused by an over- 
lying sclerosed artery. 

The changes were unilateral in all 
cases. In eight of nine cases the left eye 
was involved. The phase of venous 
pulse did not play a role in interpreta- 
tion of the obstructive venous changes 
since at least four photographs had 
been taken on each occasion and in al] 
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cases the progression of the changes 
could be followed in sequential photo- 
graphs. 

The patients had no complaints of 
visual dysfunction during the follow- 
up. No retinal changes typical of acute 
branch or central retinal vein occlu- 
sion were recorded by the ophthalmol- 
ogists in the patients’ medica] records. 
No signs of hemorrhagic retinal 
thrombosis, retinal collateral vessels, 
or any other retinal disease could be 
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seen in the wide-angle nerve fiber layer 
photographs. In one case (Fig 4) two 
retinal punctate hemorrhages had 
been recorded on two different occa- 
sions during the follow-up. In some 
cases increased thickness of the retina] 
veins could be seen in the photographs. 
Three patients showed an optic disc 
hemorrhage in the involved eye. 
Optic cups were initially steep in all 
but one case. The mean initia] cup-to- 
disc area ratio of 0.5 (range, 0.39 to 
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Fig 2.—The small vessel (large whit 
seen together with new vessel loops 


e arrows) had disappeared in 1977. In 198 
(black arrowheads) and a dilated vessel in the lower nasal disc rim (smal! white arrow). 


The numbers in the lower right corners of the photographs indicate the year. 


0.61) increased to 0.59 (range, 0.51 to 
0.73) during the follow-up (P <02, 
paired t test). The mean horizontal 
cup-to-disc ratio increased from 0.63 
(range, 0.26 to 0.81) to 0.68 (range, 0.30 
to 0.85) (P < .02 paired t test). The 
mean vertical cup-to-dise ratio in- 
creased from 0.67 (range, 0.55 to 0.83) 
to 0.78 (range, 0.56 to 0.90) (P < .015, 
paired t test). The coefficients of vari- 
ation for the measurements were as 
follows: cup-to-dise area ratio, 3.8%; 
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horizontal cup-to-disc ratio, 3.6%; and 
vertical cup-to-dise ratio, 2.1%. The 
glaucomatous optic disc changes pro- 
gressed in all but one of the nine 
patients. 

The visual field changes were not 
quantitatively analyzed because of the 
different perimeters used during the 
follow-up. In the beginning of the fol- 
low-up, six of nine Friedmann visual 
fields were normal; in only one patient 
the visual fields remained normal. 


6, at this location, a collateral vessel was 
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Clinically, the development and/or 
progression of glaucomatous visual 
field changes correlated with the optic 
disc changes. 

Magnification-corrected mean neu- 
roretinal rim area of six patients in 
whom it could be measured decreased 
from 1.09 mm? (range, 0.7 to 1.37 mm’) 
to 0.91 mm? (range, 0.65 to 1.02 mm’). 
The optic disc area was 1.58 mm’in one 
eye and between 1.95 and 2.82 mm? in 
five eyes (mean, 2.22 + 0.43 mm’). 
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Fig 3.—Small white arrows indicate a collateral vessel that disappeared by 1980 when the nasal branch of the vein re- 
opened (large open arrow). Cupping increased diffusely. Retinociliary collateral vessels (small black arrowheads) remained 
unchanged. The numbers in the lower right corners of the photographs indicate the year. 


Two of the seven patients with reti- 
nal nerve fiber layer photographs 
showed diffuse atrophy of the nerve 
fiber layer, and four had an additional 
wedge-shaped defect. One patient had 
a normal retinal nerve fiber layer. 

The highest intraocular pressures 
ever measured during the follow-up 
varied between 24 and 33 mm Hg 
(mean, 29 mm Hg). In some cases a 
distinct rise in intraocular pressure 
was measured before the development 
of venous changes, while in others the 
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intraocular pressures were unchanged 
before and at the time of the venous 
obstruction. 

The refractive error was +2 diopters 
in one eye, between +0.25 D and +0.75 
D in seven eyes, and —1.0 D in one eye. 

Only one patient had no systemic 
diseases. Four patients had cerebral 
arteriosclerotic dysfunction, two had 
systemic hypertension, and two had 
both. In addition, one patient (Fig 4) 
was followed up for a frontoparietal 
meningioma in the midline. Using or- 
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bital computed tomography, this pa- 
tient has shown no evidence of periop- 
tic meningioma, which may be associ- 
ated with optociliary veins,'? and no 
progressive visual loss, papilledema, 
pallor of the optic dise, proptosis, or 
indentation of the posterior pole of the 
eye. 


COMMENT 


Asymptomatic chronic stasis 
changes in the optic dise veins, similar 
to those in the nine cases reported 
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Fig 4.—The venous trunk disappeared and blood flow canalized through the temporal vessel loop (small black arrowheads). 
A branch of the nasal vein obliterated (large black arrowhead). Several collateral vessels (white arrowheads), a peripap- 
illary punctate hemorrhage (small white arrow), and, in 1987, diffuse atrophy of the disc rim and retinal nerve fiber layer 
were seen. The numbers in the lower right corners of the photographs indicate the year. 


here, have been described previously in 
different stages of glaucoma although 
there is much variation in terminology 
(Table). In 1974 Henkind and Wise" 
published an article defining neovas- 
cularizatien, collateralization, and 
shunt formation to clarify confusion 
between the three entities. Neovascu- 
larization represents new vessels in 
areas where vessels are not normally 
present while venous collaterals de- 
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velop within the existing capillary net- 
work. Vascular shunts are arterio- 
venous communications in which 
blood passes from artery to vein with- 
out going through the capillary bed.” 
In asymptomatic miniocclusions of the 
optic disc veins, the developing vessels 
are collaterals connecting the central 
retinal vein to peripapillary choroidal 
veins or between two retinal veins. 
Collaterals may help to preserve 


Miniocclusions in Glaucoma—Tuulonen 


retinal function in the area where they 
form and may also disappear if the ob- 
structed vessel reopens.'* To my knowl- 
edge, this is the first follow-up study 
where the development, as well as the 
disappearance ‘Figs 1 and 3), of the 
asymptomatic veneus stasis changes 
in glaucoma are documented photo- 
graphically. Varma and coworkers’ 
earlier studied one 13-year-old patient 
with glaucoma in whom the develop- 
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Glaucoma 

Stage 
Early or moderate 
Dobree,* 1957 


Hitchings and Spaeth,°® 


1976 


Anderson et al,® 1983 
West et al,’ 1984 


Varma et al,® 1987 
Sengupta, '® 1954 


End 
Hitchings and Spaeth,°® 
1976 





ment of venous collaterals was dem- 
onstrated photographically. 

The main factors involved in pro- 
ducing the obstruction of the venous 
outflow at the glaucomatous optic disc 
are the intraocular pressure, arterio- 
sclerosis, and the degree of optic disc 
cupping. A distinct rise in intraocular 
pressure was associated with the de- 
velopment of the venous stasis changes 
in some but not all cases in the present 
study. Such changes have been de- 
scribed in some patients with un- 
treated pressures below 20 mm Hg.’ 
Dobree’ stated that the height of in- 
traocular pressure bore no relation to 
the production of asymptomatic 
venous stasis changes in the optic disc 
but that the degree of the excavation 
was a more significant factor. 

Some vascular loops may be caused 
by the pressure of the sclerosed arte- 
rial trunks on the veins”!> as demon- 
strated in one patient in the present 
study. Arterial disease may be an im- 
portant precipitating factor in the de- 
velopment of venous stasis changes in 
the glaucomatous optic disc,’ and some 
form of systemic cardiovascular dis- 
ease is often associated with retinal 
venous stasis changes.*'°'© Only one 
patient in the present study did not 
have any cardiovascular or cere- 
brovascular disease. In a nonglauco- 
matous population with severe arte- 
riosclerosis of the retinal vessels, the 
venous stasis changes have been re- 
ported to be five times less common 
than in patients with glaucoma.’ In 
addition, Dobree* described five pa- 
tients with glaucoma with a flame- 
shaped hemorrhage. In the present 
study optic disc hemorrhages were 
found in three of nine patients. 

It is possible that many of the 
venous stasis changes occurred sec- 
ondary to changes in the bottom of op- 
tic disc cup (Fig 1). Except in one eye, 
the slope of the optic cup was steep, 


35 (22-50) 


60 (39-74) 
71 (47-89) 


56 (50-61) 


56 (40-77) 


Terms Used to 
Describe the Changes 


Neovascularization (coiled ves- 
sels and varicosed capillaries) 


Venous loops and collaterals 
(retinociliary veins, venovenous 
anastomosis) 


Optociliary veins 
Solitary silent venous papillary 
loops 


Venous collaterals 
Neovascularization 


Venous loops and collaterals 


and glaucomatous progression was as- 
sociated with the development of the 
asymptomatic venous miniocclusions, 
the type of progression being diffuse 
enlargement of the cupping rather 
than localized notching. Increased 
cupping can cause venous obstruction 
by simply mechanically displacing the 
main venous trunks or by making the 
veins in the optic disc more sensitive to 
intraocular pressure with loss of sup- 
porting tissue around the main 
trunks.* Sometimes the venous mini- 
occlusion seemed to be the first indica- 
tor of glaucomatous optic disc progres- 
sion (Fig 3). However, it was not al- 
ways possible to tell whether the 


_ venous changes occurred before, si- 


multaneously, or after the structural 
change in the optic disc. 

The fact that no patient in the 
present study had bilateral lesions is 
in agreement with other studies in 
which only a few patients have shown 
bilateral venous stasis changes in 
early or moderate stages of glau- 
coma.** Interestingly, all but one of the 
lesions were found in the left eye, 
without any obvious reason. Hayreh'® 
reported that venous stasis retinopa- 
thy involved the left side in two thirds 
of the cases. 

In the study of Johnston and 
coworkers,’ more patients with branch 
retinal vein occlusion were hyperopic 
compared with control subjects. All 
patients, except one, were hyperopic in 
the present study. However, the optic 
disc areas were not exceptionally small 
or large. 

Hitchings and Spaeth‘ found asymp- 


tomatic venous loops and/or collater- - 


alsin 2% of their patients, and Dobree* 
in 10% of patients with glaucoma, 
which, in the latter study, was twice 
that of symptomatic hemorrhagic 
venous thrombosis. In the present 
study the trend was similar—more 
asymptomatic than symptomatic 
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venous stasis changes were found in 
the retrospective material. 

Because the asymptomatic minioc- 
clusion in the veins of the glaucoma- 
tous optic disc may be minute and 
sometimes reversible, they are not 
found if they are not looked for. If the 
patient in Fig 1 had not been photo- 
graphed in 1986, the development of 
venous obstruction and its disappear- 
ance would have been missed. There- 
fore, the prevalence of asymptomatic 
venous changes may be higher than 
the 3% found in the present study. 
Asymptomatic chronic miniocclusions 
should be looked for in the follow-up of 
patients with glaucoma because their 
appearance is strongly associated with 
glaucomatous progression of optic disc 


cupping. 
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Corneal Changes Associated 
With Chronic UV Irradiation 


x 


Hugh R. Taylor, MD; Sheila K. West, PhD; Frank S. Rosenthal, PhD; 
Beatriz Munoz, MS; Henry S. Newland, FRACS; Edward A. Emmett, MD 


è The association between exposure to 
UV radiation and corneal disease was 
investigated in 838 watermen who work 
on the Chesapeake Bay, Maryland. Indi- 
vidual ocular exposure was calculated by 
combininga detailed occupational history 
with laboratory and field measurements. 
Pterygium was found in 140, climatic drop- 
tet keratopathy in 162, and pinguecula in 
642. Logistic regression analysis showed 
that pterygium and climatic droplet kera- 
topathy were significantly associated with 
a bread band of UV radiation exposure 
(UV-B, 290 to 320 nm; A,, 320 to 340 nm; 
and £., 340 to 400 nm), but the association 
with pinguecula was weaker. Simple mea- 
sures suchas wearing a hat or spectacles 
protect the eye and could potentially re- 
duce the amount of pterygium and climatic 
droplet keratopathy attributable to UV ra- 
diation exposure. 

(Arch Ophthalmol. 
1484) 


1989; 107:1481- 


[t has been suggested that exposure 

to sunīght, specifically UV radia- 
tion UVE), may be associated with an 
increased risk of several corneal dis- 
erders, including pterygium, climatic 
droplet keratopathy (CDK), and 
pinguecula. Pterygium occurs more 
commonly in tropical or sunny areas 
than in more temperate regions and 
has been ascribed to greater sun expo- 
sure, specifically to UV-B .'° Studies in 
Australian aborigines have shown a 
dose-respense relationship between 
pterrgium and residential levels of 
UV-B radiation.*> Climatic droplet 
keratopathy is relatively unusual and 
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more often reported in harsh climates, 
such as the Arctic or in desert areas.‘ 
Ultraviolet radiation is thought to 
play a role in its etiology.*”!! Pinguec- 
ulae are common conjunctival lesions 
that are also believed to be related to 
UVR exposure.'*" 

Ultraviolet radiation is divided into 
three bands: UV-A (400 to 320 nm), 
UV-B (320 to 290 nm), and UV-C (290 
to 100 nm) based in part on its biologic 
activity.’ Ultraviolet C does not natu- 
rally penetrate to the earth’s surface, 
but the cornea would absorb almost 
100% of this radiation below 290 nm. 
Although the corneal transmission 
rapidly increases for longer wave- 
lengths, 40% of the radiation at 320 nm 
is absorbed by the cornea.'*!’ 

A few epidemiologic studies have 
equated the risk of developing these 
lesions with the amount of sunshine or 
ambient UVR where the person lives, 
assuming that everyone living in a 
given region will have the same ocular 
UVR exposure. This assumption is ob- 
viously very approximate as different 
people in the same environment can 
differ markedly in their individual ex- 
posures as well asin the distribution of 
other potentially important factors." 
Some have suggested that the ob- 
served geographic or ecologic differ- 
ences in the rate of these diseases 
might be due to environmental factors 
other than UVR, such as low humidity 
resulting in corneal drying or micro- 
trauma from particulate material such 
as smoke, sand, or dust particles.’ 

To examine the association between 
UVR exposure and corneal disease, we 
undertook an epidemiologic study on 
an occupational group of men with a 
range of sun exposures. We deter- 
mined the ocular UVR exposure of 
each individual and correlated this 
with the presence and severity of cor- 
neal disease. 


SUBJECTS AND METHODS 
Study Population 


Men aged 30 years and over who resided 
in either Somerset County (excluding Prin- 
cess Anne) or lower Dorchester County, 
Maryland, and who had held at least one 
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type of professional waterman license 
within the last 10 years, were eligible for 
this study.” From a licensing list obtained 
from the Maryland Department of Natural 
Resources, a tota. of 1203 eligible watermen 
were identified. Altogether, 838 (70% ) were 
interviewed anc examined. Subsequent 
analyses using the ancillary data obtained 
from the licensing records did not reveal 
significant differences between those who 
were examined and those who were not in 
terms of age or license type. 


Examination 


A pretested questionnaire was adminis- 
tered by a traimed interviewer to each 
individual.” The questions included demo- 
graphic and background characteristics, in- 
cluding birth dete, education, residential 
history, characteristics of freckling and 
sunburning, and tobacco use. An exposure 
history was determined from a detailed oc- 
cupational history covering each year of life 
from the age of 15 years, in which exposure 
data were recordad on a monthly basis, and 
a similar history for leisure activities. Both 
histories included information about hours 
spent outside, hat use, glasses use, and his- 
tory of arc weldimg. 

Each subject had an ocular examination 
that included slit-lamp examination of the 
cornea. Pterygium was diagnosed by the 
presence of the characteristic raised fleshy 
growth that crossed the limbus and en- 
croached on clear cornea. Climatic droplet 
keratopathy was diagnosed when the char- 
acteristic gray droplets could be seen on 
retroillumination in the superficial corneal 
stroma with a clear zone separating them 
from the limbus.*’ Pingueculae were diag- 
nosed by the presence of the characteristic 
fleshy lesions in the nasal or temporal bul- 
bar conjunctivae. 

At each stage of data collection, infor- 
mation in each area was gathered and 
recorded independently without knowledge 
of data from the other areas to avoid bias. 
Thus, for example, interviewers had no 
knowledge of the status of the cornea when 
collecting data on UVR exposure. 


Calculation of Ocular Exposure to UV-A 
and UV-B 


The ocular exposure to UV-B in each 
subject was determined by combining field- 
and laboratory-derived data and published 
ambient UV-B deta with personal exposure 
histories obtained in interviews as de- 
scribed elsewhere.**” The ocular ambient 
exposure ratio, which is defined as the 
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Table 1.—Occurrence of Corneal 
Abnormalities in 838 Watermen 


Unilateral, Bilateral, 
No. (%) No. (%) 


3 (0.4) 0 













Axial opacity 








Peripheral opacity 13 (1.6) 1 (0.1) 
Pterygium 70 (8.3) 70 (8.3) 
Pinguecula 41(4.9) 601 (71.9) 
Climatic droplet 

keratopathy 18 (2.1) 144 (17.2) 





average fraction of ambient UV-B exposure 
that reached the eyes of a subject not wear- 
ing spectacles or sunglasses, was deter- 
mined for both summer and winter, as was 
the UV-B attenuation factor for typical 
spectacles.”’ The yearly ocular exposure to 
UV-B was calculated for each individual for 
each year of life beyond the age of 15 years. 
The annual exposure was expressed as a 
proportion of a Maryland sun year unit 
(MSY; the total ambient UV-B at sea level 
in Maryland over 1 year). 

To estimate the ocular exposure to UV-A, 
a similar procedure was used. Ambient 
UV-A levels were estimated by convoluting 
the spectral distribution of sunlight as a 
function of the month, the hour of the day, 
and the geographic location with two UV-A 
response spectra designated as UV-A, 
(wavelength, 320 to 340 nm) and UV-A, (340 
to 400 nm). These exposures were also 
expressed in MSY units. 


Data Analysis 


Data were analyzed using the SAS stan- 

dard statistical package to calculate Man- 
tel-Haenszel age-adjusted odds ratios.'* Lo- 
gistic regression models were used to ana- 
lyze the independent contribution of UV-B 
and UV-A to the risk of each disease, con- 
trolling for age. 
A serially additive expected dose model 
was used to explore the relation between 
UVR exposure and corneal changes.” This 
method involves comparing the observed 
cumulative exposure to UVR of a “case” of 
a particular corneal change to the expected 
cumulative exposure. The expected expo- 
sure is calculated on the basis of the mean 
combined exposure for all age-matched 
(within 3 years) “control” subjects without 
that corneal change. The difference be- 
tween the observed cumulative dose of the 
cases and the expected dose, based on the 
controls, is tested using a paired ¢ test, as 
appropriate for matched analyses of con- 
tinuous data. 


RESULTS 


Of the 838 watermen examined, 204 
(24% ) were between 30 and 39 years of 
age, and 140 (17% ) were over the age of 
70 years. The oldest was 94 years old, 
and the mean age was 53.0 years. 
Twenty-four watermen (3%) were 
black. Cumulative lifetime UV-B ex- 
posure obviously depended on age and 
ranged from 24 to 3664 X 10° MSY, 
with the median being 756 X 10-3? MSY. 
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- Table 2.—Age-Adjusted Bivariate Analysis of Risk Factors Associated With Corneal 
Changes in 838 Watermen* 


Pterygium 

(n = 140) 
1.36 (0.84-2.26) 
0.84 (0.57-1.24) 
1.14 (0.78-1.67) 
0.42 (0.28-0.62)t 
0.62 (0.38-1.01) 
1.20 (0.80-1.80) 


Factor 
Smoking 
Freckling 
Tendency to burn 
>8 y of education 
Arc welding 
Blue eyes 


Pinguecula 
(n = 642) 


0:90 (0.59-1.36) 
1.16 (0.83-1.63) 
1.28 (0.89-1.84) 
1.47 (1.00-2. 16) 
1.29 (0.87-1.91) 
1.00 (0.70-1.41) 


2.37 (1.34-4.19)t 
0.96 (0.66-1.40) 
0.94 (0.64-1.39) 
0.41 (0.27-0.61)t 
0.78 (0.48-1.26) 
2.56 (1.66-3.95)t 








0.86 (0.57-1.30) 
0.57 (0.14-2.34) 


Actinic elastosis 


Glaucoma 





1.41 (0.94-2.11) 
0.30 (0.09-1.00)t 


1.33 (0.87-2.04) 
0.25 (0.06-1.02) 


* CDK indicates climatic droplet keratopathy. Values are age-adjusted odds ratio (95% confidence interval) 
for total sample. 
tP < .05 by x? test. 





UV-B 
0.65 (0.33-0.98) 





Pterygium 


Pinguecula 0.29 (0.05-0.52) 









Table 3.—Association Between Pterygium, CDK, and Pinguecula 
and UVR Exposure by Wavelength * 






CDK 1.26 (0.88- 1.63) 1.49 (1.07-1.92) 1.53 (1.09-1.96) 














UV-A, 
0.82 (0.45-1.19) 





0.86 (0.48-1.25) 






0.29 (0.03-0.55) 0.28 (0.02-0.54) 








* CDK indicates climatic droplet keratopathy; and UVR, UV radiation (B, A,, and A>). Values are logistic re- 
gression coefficient (95% confidence interval). Age was included in each model, and exposure was expressed 


as the natural log. 


_ Table 4.—Odds Ratio for Pterygium, CDK, and Pinguecula According to Quartile of 
| Average Annual UV-B Exposure * 


Average Annual 
Exposuret Pterygium 


<12 1.00 
1.01 (0.55-1.83) 
1.93 (1.09-3.39) 





Pinguecula 
1.00 
0.98 (0.63-1.53) 
1.17 (0.75-1.85) 


1.78 (0.94-3.35) 
3.42 (1.85-6.31) 





3.06 (1.77-5.31) 


6.36 (3.46-11.68) 1.40 (0.88-2.23) 


* CDK indicates climatic droplet keratopathy. Values are odds ratio (95% confidence interval). Age regres- 
sion coefficients were as follows: pterygium, r = .047; CDK, r = .078; and pinguecula, r = .011. 
tQuartiles of exposure expressed as a proportion of Maryland sun years X 107°. 


The typical average annual ocular ex- 
posure for a waterman who wore no 
ocular protection was 72 X 107° MSY. 
If a waterman wore a hat, the exposure 
was reduced to 34 X 10°? MSY, and a 
hat and glasses reduced the exposure 
to 8 X 10°? MSY. The typical average 
annual ocular exposure of an indoor 
worker with occasional leisure expo- 
sure was 4 X 10°? MSY. 


Distribution of Corneal Changes 


There was no difference in either the 
occurrence or severity of corneal 
changes between the right eye and the 
left eye, and subsequent analysis has 
been performed for each type of opac- 
ity using the grading in the most 
severely affected eye. 

Corneal opacities were relatively 
uncommon and usually peripheral 
(Table 1). Overall, 140 watermen (17% ) 
had pterygium and 162 (19%) had 
CDK. There was a progressive increase 
in the prevalence of pterygium and 
CDK with age (Fig 1). In almost every 
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case, CDK was of only mild severity, 
and in no case was it associated with 
visual impairment. Six hundred forty- 
two watermen (77%) had pinguecula. 
Pinguecula was less clearly age re- 
lated. 


UV-B Exposure and Corneal Changes 


Age-adjusted bivariate analysis 
showed no association between ten- 
dency to burn or freckle and the cor- 
neal changes. Watermen with blue 
eyes were more likely to have CDK, 
and those with less than 8 years of 
schooling were more likely to have 
both pterygium and CDK (Table 2). 
However, none of the factors examined 
in the bivariate analysis remained sig- 
nificant in the subsequent logistic re- 
gression analysis. These analyses re- 
vealed statistically significant associ- 
ations between pterygium, CDK, and 
pinguecula and each band of UVR 
(Table 3). The associations were much 
stronger for both pterygium and CDK 
(P < .001 in each instance) than for 
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Fig 1.—Age-specific prevalence of pterygium (broken line), pinguecula 
(solid line), and climatic droplet keratopathy (dotted line) among 838 
Maryland watermen. 
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Fig 2— Average dose difference at each year of life between annual 
ecular exposure to UV-B, UV-A,, and UV-A, among 135 watermen with 
pterygium and 687 age-matched controls without pterygium. Values were 
determined by the serially additive expected dose model (see text for 
details). MSY indicates Maryland sun years. By paired t¢ test, UV-B, 
t= 4.3, P< 001; UV-A,, t= 4.8, P< .001; and UV-A,, t = 5.0, P< .001. 
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Fig 3.—Average dose difference at each year of life between annual 
ocular exposure to UV-B, UV-A,, and UV-A; ameng 156 watermen with 
climatic droplet keratopathy (CDK) and 605 age-matched controls with- 
out CDK. Values were determined by the serially additive expected dose 
model (see text for details). MSY indicates Maryland sun year. By paired 
t test, UV-B, t = 7.1, P< .001; UV-A,, t = 7.8, P < .001; and UV-A,, 
t= 8.0, P< .001. 
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Fig 4.—Average dose difference at each year of life between annual 
ocular exposure to UV-B, UV-A,, and UV-A, ameng 634 watermen with 
pinguecula and 188 age-matched controls without pinguecula. Values 
were determined by the serially additive expected dose model (see text 
for details). MSY indicates Maryland sun years. By paired t test, UV-B, 
t = 0.8; UV-A,, t = 0.4; and UV-A,, t = O 2 (none significant). 


pinguecula (P = .01 for UV-B, .02 for 
UV-A, and .03 for UV-A,). In each ex- 
posure model, age was strongly related 
to pterygium and CDK (regression co- 
efficient fer pterygium ranged from 
026 to .029, P < .001 in each case; for 
CDK from..043 to .048, P < .001 in each 
ease), but age was not related to 
pinguecula (regression coefficient 
ranged frem .002 to .003; not signifi- 
eant in each case). 

We were concerned with the possi- 
bility that pinguecula could have been 
overlooked or misclassified when 
pterygium was present. However, no 
evidence was found for an interaction 
between pterygium and pinguecula in 
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a series of subanalyses that used age- 
stratified cross tabulations. 

When examined by quartiles of UV- 
B exposure, the risk of pterygium and 
CDK increased markedly for those 
with higher exposure (Table 4). The 
odds ratio for average annual exposure 
in the upper quartile was 3.06 for 
pterygium and 6.36 for CDK as com- 
pared with the lowest quartile. Similar 
changes were seen in the UV-A bands. 

The serially additive expected dose 
model showed that those with ptery- 
gium had consistently higher expo- 
sures to each band of radiation than 
controls up to age 60 years (Fig 2). A 
similar pattern was seen with CDK, 
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although in this case the excess expo- 
sure was noted up to age 75 years (Fig 
3). No consistent relation was seen be- 
tween exposure and pinguecula (Fig 4). 


COMMENT 


The watermen ef Chesapeake Bay 
were selected for study because they 
form a stable occupational group for 
whom it is possible to determine work 
habits and therefore occupational 
UVR exposure over their entire work- 
ing lives. Because of individual varia- 
tion, their personal UVR exposures 
encompass a broad range and include 
exposures likely to be encountered in 
large areas of the United States. The 
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ocular exposure model integrated 
these field and laboratory data with 
the history of occupational exposure 
for each waterman and gave an assess- 
ment of individual ocular exposure to 
UVR of greater precision than previ- 
ously possible. This study found a clear 
association between a high personal 
UVR exposure and an increased risk of 
both pterygium and CDK; a weaker 
association was seen with pinguecula. 

The results of this study are of 
interest for several reasons. First, 
pterygium and CDK are induced by a 
wide band of UVR; the association be- 
tween each of these conditions and 
UV-B (290 to 320 nm) is comparable 
with that seen with UV-A, (340 to 400 
nm). This association is in contrast to 
the findings with cortical cataract, 
where UV-B is of prime importance 
and UV-A plays little or no role.” This 
finding also has important implica- 
tions for ocular protection against 
UVR. While UV-B-absorbing lenses 
may protect against cortical cataract, 
spectacle lenses would have to absorb 
the whole spectrum of UVR to provide 
adequate protection against ptery- 
gium and CDK.”* 

Second, in this study a dose- 
response relationship between UVR 
and both pterygium and CDK has been 
shown. There is a marked reduction in 
risk of these diseases as the level of 
ocular exposure is decreased. Those 
with exposure in the lowest quartile 
have one third the risk of pterygium 
and one sixth the risk of CDK com- 
pared with those in the upper quartile. 
This suggests that the risk of develop- 
ing this condition could be dramati- 
cally reduced by simple protective 
measures of wearing a hat and glasses 
when exposed to high ambient levels of 
UVR. 

Third, these data suggest that the 
etiologies of pterygium and pinguecula 
are likely to be different. Although 
these conditions are often regarded as 
having a similar etiology, they had 
quite different associations with UVR. 
Pingueculae are often less easily seen 
in the presence of pterygium, and the 
decreased frequency of pinguecula in 
older watermen was thought possibly 
to be due to artifact. However, various 
analyses did not show evidence of in- 
teraction, nor was the association be- 
tween pinguecula and UVR strength- 
ened appreciably, and all those with 
pterygium were included as cases of 
pinguecula in a “worst case” analysis. 
The lack of correlation between any of 
the three conditions and constitutional 
markers of sun sensitivity (tanning, 
freckling, and eye color) and/or sun 
damage (dermal actinic elastosis) is of 


interest and focuses attention on the 
local, ocular nature of UVR exposure 
that initiates these changes. 

Finally, these findings underscore 
the prime role of UVR in the etiology 
of pterygium and CDK. In no sense can 
work on Chesapeake Bay be described 
as being dry or dusty, factors that 
others have considered as potential 
etiologic factors in these condi- 
tions.'??!3°3° This study does not ex- 
clude a possible role for other bands of 
solar radiation such as visible light or 
infrared radiation, as they were not 
specifically examined in this study. 
However, previous work that com- 
pared different bands of solar radia- 
tion found a stronger association be- 
tween pterygium and UV-B radiation 
than that for visible light (hours of 
sunlight), global radiation, or temper- 
ature (a measure of infrared radi- 
ation).* 

These observations would suggest 
that it is prudent to protect the eyes 
from unnecessary exposure to UVR. 
The amount of ambient UVR varies 
markedly during the day, being high- 
est in summer between 10 AM and 2 PM, 
the time when one is most likely to be- 
come suntanned or sunburned.*! The 
eyes can be protected by wearing a hat 
with a brim, which will reduce the oc- 
ular exposure by half, and ordinary 
plastic spectacle lenses, which reduce 
UV-B by at least 90% and also ab- 
sorb substantial, although variable, 
amounts of UV-A.” For maximum 
protection, people should wear a hat 
with a brim and close-fitting sun- 
glasses with lenses that absorb both 
UV-A and UV-B at times when they 
could get sunburned. 
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Magnetic Resonance Imaging 
of Pituitary Stalk Hypoplasia 


A Discrete Midline Anomaly Associated With Endocrine 
Abnormalities in Septo-optic Dysplasia 


Lawrence M. Kaufman, MD, PhD; Marilyn T. Miller, MD; Mahmood F. Mafee, MD 


è Septo-optic dysplasia describes optic 
nerve hypoplasia in association with en- 
docrine disturbances and/or midline brain 
malformations. Magnetic resonance imag- 
ing of the brain was used to study two pa- 
tients with optic nerve hypoplasia, endo- 
crine abnormalities, and normal midline 
brain anatomy en prior computed tomo- 
graphic scan. The magnetic resonance 
imaging scans showed normal midline 
brain anatomy except for failure to visual- 
ize the pituitary stalk, a structure that 
magnetic resonance imaging has shown to 
be 100% sensitive in imaging in our normal 
controls. We propose that our two patients 
have endocrine abnormalities due to the 
discrete anomaly of pituitary stalk hy- 
poplasia. 

(Arch Ophthalmol. 
1489) 


1989; 107:1485- 


epto-optic dysplasia was first re- 

ported by Reeves in 1941.’ It was 
later defined by de Morsier’ as a cra- 
nioencephalic dysraphia showing clin- 
icopatholegic or radioclinical evidence 
for agenesis of the septum pellucidum 
and anomalies.of the optic nerve. This 
definition has recently evolved to de- 
scribe patients with unilateral or bi- 
lateral optic nerve hypoplasia (ONH) 
in association with hypothalamic-pi- 
tuitary endocrine abnormalities and/ 
or midline brain anatomic anomalies.’ 
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Endocrine abnormalities have in- 
cluded growth hormone deficiency, hy- 
pothyroidism, sexual precocity, neona- 
tal hypoglycemia, hypoadrenalism, 
diabetes insipidus, and hyperprolac- 
tinemia.° Brain anomalies have in- 
cluded absence of the septum pellucid- 
um, partial or complete agenesis of the 
corpus callosum, and dysplasia of the 
third ventricle.*” 

It has been presumed that those pa- 
tients with septo-optic dysplasia with 
ONH, endocrine disturbance, and nor- 
mal brain computed tomographic (CT) 
scan do indeed have brain midline 
structural anomalies, but they are be- 
low the resolution of the CT scan. To 
our knowledge, this interesting sub- 
group has not been studied with mag- 
netic resonance imaging (MRI). 

We herein describe two patients 
with bilateral ONH, endocrine abnor- 
malities, and normal midline brain 
anatomy on CT scan in whom MRI 
failed to visualize the pituitary stalk. 
We then show that MRI is extremely 
sensitive in imaging the pituitary stalk 
in a normal control group. Thus, we 
believe that failure of MRI to visualize 
the pituitary stalk in our two patients 
with septo-optic dysplasia is not an 
artifact and truly represents hypopla- 
sia of the pituitary stalk. This very 
subtle and discrete brain anomaly has 
not been previously described in septo- 
optic dysplasia, to our knowledge, and 
it may represent a final common ana- 
tomic abnormality resulting in endo- 
crine disturbance. 


REPORT OF CASES 


Case 1.—A 20-month-old female infant 
was referred to the Department of Oph- 
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thalmology for the evaluation of poor vision 
and nystagmus first noted at 3 months of 
age. The patient was the product of a full- 
term uncomplicated pregnancy and normal 
delivery (birth weight, 3344 g). The family 
history was remerkable only for high myo- 
pia in the mother. 

Eye examination revealed bilateral cha- 
otic searching nystagmus, but the patient 
would reach for a bottle. She had a large but 
variable esotropia and full ocular ductions. 
Results of external and anterior segment 
examination were unremarkable. Cyclople- 
gic refraction was —11.00 sphere in both 
eyes. Dilated fundus examination revealed 
both optic discs to be very hypoplastic with 
temporal pallor. The retinal pigment epi- 
thelium appeared diffusely thin, typical of 
high myopia. Binocular flash visual evoked 
potentials were interpreted as normal; 
monocular tests could not be performed be- 
cause of excessive movement. 

The child was referred for genetic, endo- 
crine, and neurologic workup. Pertinent 
findings included motor developmental de- 
lay, short stature secondary to deficient 
growth hormone (determined by clonidine 
hydrochloride stimulation test), and diabe- 
tes insipidus (shown by water-deprivation 
test and a follow-up trial of desmopressin 
acetate therapy) 

A CT scan of the head was performed, 
taking 8-mm axial cuts on a CT unit 
(Pickard 600). Midline brain anatomy ap- 
peared normal, but mild frontocortical at- 
rophy was noted. Then MRI of the brain on 
a 1.5-tesla unit (General Electric Signa) 
was performed, taking 5-mm sagittal cuts, 
3-mm axial cuts, and 3-mm coronal cuts 
(Fig 1). The MRI failed to visualize the pi- 
tuitary stalk. Mild cortical atrophy was 
noted. The septum pellucidum, corpus cal- 
losum, third ventricle, globes, and optic 
chiasm all appeared normal. The optic 
nerves were thought to be slightly small. 
The pituitary fossa also appeared normal, 
but the size of the pituitary gland was at the 
lower limits of normal. 
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CASE 2.—A 25-month-old boy was 
brought to us for a second opinion of a di- 
agnosis of septo-optic dysplasia. The child 
was born 4 weeks premature with a birth 
weight of 3097 g. Gestational and family 
histories were unavailable as the child was 
adopted. 

Endocrine investigation at 12 months of 
age revealed hypothalamic hypothyroidism 
(low free thyroxine index and delayed thy- 
roid-releasing hormone response test) and 
a low serum cortisol level (indicative of 
corticotropin deficiency). Gonadotropin de- 
ficiency was suspected as the child had bor- 
derline genital development that responded 





Fig 1.—Magnetic resonance imaging (MRI) of patient 1. Top left, 
T,-weighted midline sagittal MRI scan showing normal corpus callosum 
(CC), septum pellucidum (SP), massa intermedia (MI), cerebral pedun- 
cle (CP), pons (PN), mamillary body (MB), and optic chiasm (OC). The 
pituitary gland (P) is seen as an image that is isointense to the brain; 
however, the pituitary stalk is not identified (seen in normal subjects as 
a line extending from the pituitary gland toward the mamillary body; 
compare this with Fig 3, top left). Top right, Proton-weighted axial MRI 
scan showing optic chiasm (OC) and suprasellar cistern (short arrows). 
The pituitary stalk is not identified (seen in normal subjects as a round 
image within the suprasellar cistern; compare this with Fig 3, top right). 
Bottom, T,-weighted coronal MRI scan showing pituitary gland (P), su- 
prasellar cistern (arrowheads), and optic chiasm (OC). The pituitary 
Stalk is not identified (seen in normal subjects as a line extending supe- 
riorly from the pituitary gland: compare this with Fig 3, bottom). CC in- 
dicates corpus callosum; SP, septum pellucidum. 


to a trial of testosterone cypionate therapy. 

Brain CT scan was performed on a CT 
unit (Siemens Somatome 2), taking 4-mm 
axial cuts. External hydrocephalus was 
suggested by lateral and third ventricles at 
the upper limits of normal and enlarged 
subarachnoid spaces. The septum pelluci- 
dum and corpus callosum appeared normal. 
Raised intracranial pressure was clinically 
suggested by an increasing head circumfer- 
ence to the 90th percentile. The child had 
been treated for 3 months with oral ace- 
tazolamide sodium, and thereafter the head 
circumference percentile stabilized. 

When the patient was 15 months of age, 
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a brain MRI was performed on a 1.0-tesla 
unit (Siemens Magnatome 42), taking 5-mm 
axial and sagittal cuts and 3-mm coronal 
cuts (Fig 2). The pituitary stalk was not vi- 
sualized. The ventricles, septum pelluci- 
dum, corpus callosum, globes, optic nerves, 
and chiasm all appeared nermal. The pitu- 
itary fossa also appeared normal, but the 
size of the pituitary gland was at the lower 
limits of normal. An increase in the extra- 
axial clear space was seen on all images. 
On our ophthalmic examination, fixation 
was noted to be central and maintained 
with the right eye and uncentral and un- 
maintained with the left. Bilateral rotary 
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Fig 2.— Magnetic resonance imaging (MRI) of patient 2. Left, T,-weighted midline sagittal MRI scan 
showing nonvisualization of the pituitary stalk, which normally should be seen in the suprasellar 
region ‘white arrow); compare this with Fig 3, top left. CC indicates corpus callosum; SP, septum 
pellucidum; M!, massa intermedia; CP, cerebral peduncle; PN, pons; MB, mamillary body; P, pi- 
tuitary gland; and OC, optic chiasm. Right, Proton-weighted axial MRI scan showing suprasellar 
cistern (arrows). Notice nonvisualization of the pituitary stalk (compare this with Fig 3, top right). 


nystagmus was present. A 16° to 24° left 
esotropia was evident, and ductions testing 
showed a mild limitation of abduction in 
the left eye eompatible with poor fixation. 
Results of external and anterior segment 
examination were unremarkable. Cyclople- 
zic retinoscopy revealed bilateral moderate 
myopia. Dilated fundus examination was 
notable for bilateral ONH without optic 
dise pallor. 


CONTROL STUDY 


We are unaware of any published 
reports on the sensitivity of MRI to vi- 
sualize the pituitary stalk. To address 
this, we reviewed all our MRI scans 
taken on a specific unit (General Elec- 
tric) for the previous 6 months and in- 
cluded in a study those meeting the 
following criteria: imaging demon- 
strated clear views of midline brain 
even if ordered to scan extracranial 
abnormality, brain portion initially 
read as normal, and patient’s age be- 
tween 3 months and 6 years—the age 
range during which most patients with 
septo-optic dysplasia would be ex- 
pected to present. The MRI scans or- 
derec to rule out septo-optic dysplasia 
were excluded. In our review, we en- 
countered no cases interpreted as ab- 
normal based solely on the failure to 
visualize the pituitary stalk, ie, brain 
MRI scans read as normal did not re- 
quire visualization of the pituitary 
stalk. Thus, we-did not bias our study 
group in favor of imaged pituitary 
stalks. 

The pituitary stalk was clearly iden- 
tified in al! 14 study cases in at least 
one cut in one plane (Fig 3). All 14 cases 
had axial images. In 6 of the 7 cases 
that had 3-mm axial cuts, the pituitary 
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stalk was demonstrated in two consec- 
utive images, and in the seventh the 
stalk was seen in three images. Seven 
cases had 5-mm axial cuts; in 5 of these 
the stalk was seen in one image, and in 
2 the stalk was seen in two images. 
Eleven cases had coronal images, all 
with 5-mm cuts; in 1 the stalk could not 
be identified, in 9 the stalk was seen in 
one image, and in 1 the stalk was seen 
in two consecutive images. Thirteen 
cases had sagittal images, all with 
5-mm cuts; in 6 the pituitary stalk was 
not identified, and in 7 the stalk was 
seen in one image. Thus, 3-mm cuts in 
the axial plane appear herein to be the 
most sensitive technique in imaging 
the pituitary stalk. 


COMMENT 


Septo-optic dysplasia, initially 
coined by de Morsier? to describe ab- 
sence of the septum pellucidum in as- 
sociation with optic nerve malforma- 
tions, has presently outgrown its lit- 
eral description. Common usage of the 
term today includes three well-docu- 
mented subgroups: (1) patients with 
ONH, endocrine abnormalities, and 
normal midline brain anatomy on CT 
scan or pneumoencephalogram; (2) pa- 
tients with ONH, midline brain anom- 
alies, and normal endocrine function; 
and (3) patients with ONH, endocrine 
abnormalities, and midline brain 
anomalies.’ 

With brain MRI we studied two pa- 
tients who fell into this first subgroup 
of ONH, endocrine abnormalities, and 
normal midline brain anatomy as 
demonstrated on CT scan. The MRI 
scans in both patients revealed normal 
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midline brain anatomy except for fail- 
ure to visualize the pituitary stalk. In 
normal controls, hewever, MRI was 
shown to be 100% sensitive in imaging 
the pituitary stalk. Thus, we propose 
that our patients heve the subtle and 
discrete midline brain anomaly of pi- 
tuitary stalk hypoplasia. 

Previously it was anknown whether 
patients in the first subgroup of ONH, 
endocrine abnormalities, and normal 
midline brain anatomy on CT had en- 
docrine disturbances secondary to a 
functional or struccural defect. Our 
very small sample supports this second 
hypothesis—that tae endocrine se- 
quelae in septo-aptic dysplasia are sec- 
ondary to abnermal midline brain 
anatomy. That is, aa unknown patho- 
logic process interferes with normal 
embryologic midline brain structure, 
and depending en the potency of the 
process, more or less anatomy is dis- 
rupted. Since ONF is by definition 
common to all subgroups of septo-optic 
dysplasia, the pathologic process must 
involve the optic merves, chiasm, or 
tracts. In addition, if the process ex- 
tends superior to the chiasm, the sep- 
tum pellucidum, corpus callosum, or 
third ventricle coulc be affected. If the 
hypothalamus, pituitary stalk, or pi- 
tuitary gland is involved in the ana- 
tomic disruption, 2ndocrine distur- 
bances result. 

Actually, this continuum of midline 
brain abnormalities need not include 
ONH, as anomalies of all the above- 
mentioned structures have been re- 
ported in isolation ar combination and 
with normal optic nerves.*!* Both CT 
and MRI have been used to demon- 
strate isolated pituitary stalk/pitu- 
itary gland hypoplasia in patients with 
pituitary dwarfism.*”’ These findings 
emphasize that the term septo-optic 
dysplasia is inadequate.*'*’? An all- 
encompassing term such as suprasel- 
lar dysplasia could be employed, or if 
more anatomie c.arity is desired, 
terms such as aptomfundibular hypo- 
plasia (describing the patients re- 
ported herein) could be used. 

The pathogenic mechanism in septo- 
optic dysplasia remains controversial. 
A primary agenesis of the involved 
structures is un ike y, since the tissues 
arise from differemt precursor stem 
cells. Additionally, all the neural ele- 
ments of the ret na arise from common 
stem cells, and in ONH only the retinal 
ganglia cells are deficient, whereas the 
outer retina is incact.”*' A “devel- 
opment” theory suggests that there is 
some interference (2g, teratogenic, ge- 
netic, traumatic) with the normal de- 
velopment of the optic nerves, septum 
pellucidum, corpus callosum, and 
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Fig 3.—Magnetic resonance imaging (MRI) of a normal control, a 
6-month-old female infant. Top left, T,-weighted midline sagittal MRI 
scan showing normal corpus callosum (CC), septum pellucidum (SP), 
massa intermedia (MI), cerebral peduncle (CP), pans (PN), mamillary 
body (MB), optic chiasm (OC), and pituitary gland (P). The pituitary stalk 
(PS) is seen as an image isointense to the brain extending from the pi- 
tuitary gland to the region of the mamillary body. Top right, Proton- 
weighted axial MRI scan showing optic chiasm (OC) and suprasellar 
cistern (short arrows). The pituitary stalk (PS) is seen as a round, rel- 
atively hyperintense image within the suprasellar cistern. Bottom, 
T,-weighted coronal MRI scan showing pituitary gland (P) and suprasel- 
lar cistern (short arrows). The pituitary stalk (PS) is seen as an isointense 
(to brain) image within the cistern. Increased intensity of sphenoid sinus 
below the floor of the sella is due to lack of aeration, which is normal in 
6-month-old infants. CC indicates corpus callosum. 





hypothalamus.’ The exposure would 
have to be at 6 weeks’ gestation, the 
time all these structures are actively 
developing, and it would have to be 
specific for the diverse neural elements 
involved. Current reports favor a “de- 


structive” theory—an intrauterine 
pathologic process destroys brain tis- 
sue after the anatomy has been 
established.*'°?°?5 The theory allows 
the following: the insult could occur at 
any time during an extended period of 
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embryogenesis; the insult need not be 
organ specific, but rather it could be to 
a particular location with the disrup- 
tion of the various tissues due to the 
contiguity of the structures within the 
embryologic field. Autopsy findings in 
septo-optic dysplasia of calcification 
and glial scarring of brain tissue sup- 
port the destructive theory.'?* 

To our knowledge, the cause of the 
pathologic process is unknown. Septo- 
optic dysplasia has been associated 
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with young maternal age and nullipar- 
ity. Familial cases are rare.” Optic 
nerve hypoplasia has been associated 
not only with young maternal age and 
nulliparity but also with maternal di- 
abetes, toxic agents (quinine sulfate, 
phenytoin sodium, alcohol, phencycli- 
dine, lysergic acid diethylamide), and 
intrauterine infections.” 

We have no radiologic-pathologic 
correlate for the patients described 
herein, and there are just a few pub- 
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lished autopsy reports of cases of sep- 
to-optic dyspiasia2"**>*5*? Those pa- 
tients with septo-optic dysplasia and 
endecrine abaormalities had in com- 


~y mon an abnormal anterior hypothala- 


1 


- 


~ 


muson autepsy.!”=?2 Only the report 
af Patel et al® mentions the pituitary 
stalk. They described a patient with 
growth hormone deficiency, diabetes 
insipidus, aml ONH. An encephalo- 
gram demonstrated “excessive gas 
aver the hemisphere, large basal cis- 
terns, and dilation of the ventricular 
system”; no mention was made of mid- 
line brain anatomy. Autopsy at 16 
morths of age showed the following: 
microencephzlic brain, anteriorly de- 
ficient corpres callosum, thin but 
present septam pellucidum, attenu- 
ated optic nerves with only a few my- 
elinated fibers, normal anterior lobe of 
pituitary, unidentifiable posterior pi- 
tuitary, and distorted anterior hypo- 
thalamus showing small and few neu- 
rons in the supraoptic and paraven- 
tricular nucle; in addition, the authors 
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noted that the “beginning of the [pitu- 
itary] stalk was seen in the tuberal 
area but it was lost in glial tissue.” 
This autopsy case may have fit into the 
above-mentioned first subgroup of sep- 
to-optic dysplasia with ONH, endo- 
crine abnormalities, and CT or pneu- 
moencephalographic evidence for nor- 
mal midline brain anatomy. We can 
further speculate and say that MRI 
would have detected the deficient pitui- 
tary stalk, thus indirectly establishing 
a radiographic-pathologic correlate. 

In addition to the midline brain 
findings, both our patients had other 
central nervous system abnormalities 
evident by the radiologic imaging. The 
first patient had mild cortical atrophy, 
and the second had external hydro- 
cephalus. Extra midline brain abnor- 
mality is a frequent, yet inconsistent, 
association in septo-optic dysplasia 
and includes cerebral and cerebellar 
atrophy, cerebral infarcts, porenceph- 
alic cysts, and hydrocephalus.**"* 

We suggest that the workup of pa- 
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tients with ONH sheuld proceed with 
brain MRI rather than brain CT. The 
MRI should include mm axial cuts in 
the region of the optiz chiasm to detect 
midline brain defects as subtle as pi- 
tuitary stalk hypoplasia, which se- 
cures the diagnosis cf septo-optic dys- 
plasia. Contrast-enhanced, high-reso- 
lution CT is also sersitive in imaging 
the pituitary stalk,’ but MRI avoids 
the need for intravenous contrast ma- 
terial. If MRI still leaves doubt as to 
the presence or absence of the pitu- 
itary stalk, the paramagnetic contrast 
agent for MRI, gadolinium-diethyl- 
enetriaminepentaacetic acid, can be 
used, since this agent enhances the 
normal pituitary sta_k 60% above non- 
contrast intensity.» 
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Spontaneous Regression of a 


Conjunctival Intraepithelial N eoplastic Tumor 


C. David Morsman, FRCS (Ed) 


e A case history is presented docu- 
menting regression of a limbal intraepithe- 
lial neoplastic lesion following diagnostic 
biopsy of a small specimen and removal of 
an adjacent basal cell papilloma of the 
eyelid. 

(Arch Ophthalmol. 
1491) 
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(Conjunctival intraepithelial neopla- 

Sia is a spectrum of premalignant 
tumors ranging from mild dysplasia to 
frank carcinoma in situ. Recurrence 
following total or subtotal excision is 
not uncommon,' and various adjuvant 
therapies have been tried. 
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REPORT OF A CASE 


A 77-year-old white woman presented 
with a vague history of redness of her left 
eye for several months. Visual acuity was 
reduced to 6/12 OU by the presence of early 
cataracts. A pedunculated papillomatous 
lesion was present on the left upper lid 
margin in direct contact with the bulbar 
conjunctiva. Approximately one third of 
the bulbar conjunctiva of the same eye was 
involved in a gelatinous-looking vascular 
tumor that crossed the limbus temporally 
(Figs 1 and 2). 

The lid lesion was excised completely 
with a wedge of the lid margin, and an el- 
lipse of the conjunctival lesion measuring 
3X 2mm was removed. No further treat- 
ment was applied to the conjunctiva, and 
cautery was not required. 

Histologic examination showed the lid 
lesion to be a seborrheic verruca (Fig 3). No 
viral inclusions were seen on light micros- 
copy. The conjunctiva showed areas of se- 
vere focal dysplasia and a mild inflamma- 
tory cell infiltrate of plasma cells and lym- 


Fig 1.—Preoperative appearance of temporal conjunctiva and lid mar- 
gin. 
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phocytes within the stroma (Figs 4 and 5). 
Human papilloma virus probes ( types 6 and 
18) were applied to the sections‘ but failed 
to demonstrate any virus. 

Two weeks after surgery, healing was 
satisfactory and a combined betametha- 
sone sodium phosphate/neomycin sulfate 
drop (Betnesol-N) was prescribed three 
times a day for 2 weeks. Three months 
postoperatively, the lesion was noticeably 
smaller and was almost gone at 6 months. 
Resolution was complete by 12 months 
(Fig 6). 


COMMENT 


This case raises two points of inter- 
est. First, the possible etiologic link 
between the lid papilloma and the 
conjunctival lesion, and second, the 
propensity for conjunctival intraepi- 
thelial neoplasia to regress. 

Exposure to external irritants, such 
as surgery, trauma, or sunlight, has 
been suggested as a factor in the pro- 


Fig 2.—Preoperative appearance of cornea. 





Conjunctival Intraepithelial Neoplastic Tumor—Morsman 








Fig 4.—Conjunctival specimen showing irregular thickening (hematox- 
yiim-eosin, original magnification X40). 


duction of conjunctival intraepithelial 
neoplasia," as has infection with pap- 
illoma virus. Although no virus was 
proved in this case, it is still a possible 
cause of the lid lesion and may also be 
involved in the conjunctival problem. 
The mechanical irritation provided by 
the papilloma on the conjunctiva may 
also have been relevant. 

Following incomplete excision, be- 
tween 20% and 45% of conjunctival 
carcinoma in situ will regress.'* This 
case ceuld not really be described as 
incomplete excision, as over 90% of the 
tumorremained.Lesions limited to the 
cornea are also known to vary in size,” 
though spontaneous remission has not 
been reported. It may be that removal 
of the irritating factor (in this case, the 
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lid tumor or virus) is important in 
treatment. 

The mainstay of treatment for this 
condition will continue to be total sur- 
gical excision, though any adjuvant 
therapy considered should perhaps be 
aimed at eliminating causes such as 
virus particles or trauma rather than 
at further haphazard tissue destruc- 
tion. 


I thank Gill C. Cole, MD, of the Department of 
Pathology, University Hospital of Wales, for the 
photomicrographs and histologic reports, and 
Paul V. Mills, FRCS, for allowing me to report his 
case. 
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Fig 6.—Appearance 12 months after biopsy. 
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Some ophthalmic manufac- po M f H A Eih YANI stand behind our product forever. 


turers will stop at nothing PER PHN | ee 105155 A Marco's Lensmeter 101 looks 
in their bid to attract EER S H | x the same on the outside as it 
attention. Their rationale did when we introduced it 
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different means new. | SAN Wir umn ATT BU doctors like most: Its sim- 


And new means better. 
We're sure you can see the 


plicity and ease of operation. 
Today we're still selling and 


nonsense in this line of reasoning. servicing the Lensmeter 101 and doctors 
At Marco, we believe in making a product because the are still buying it and loving it. 
profession truly needs it. We make it the very best we can. No tricks. No gimmicks. At Marco we only make what 
We improve it when new technology warrants it. And we we make best. 
Mw ARC A division of MARCO EQUIPMENT, INC. Nationwide Toll-free: 1(800)874-5274 
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The Choice is Clear 


BIO-COR 
Collagen Corneal Shield 
reduces healing time. 


> IGE tie. In collagen research, Bausch 
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As a resultof Bausch & Lomb 
Pharmaceuticals’ leadership in 
collagen research, recently pub- 
lished studies prove BIO-COR® 
12- and 24-hour Collagen 
Corneal Shields can accelerate 
corneal-epithelial healing. 

Healing benefits of 
BIO-COR® Collagen Corneal 
Shields. BIO-COR® is the first 
and only collagen product which 
can claim all these benefits:* 
= Speeds corneal epithelial heal- 

ing (aceording to reports, as 

mutch as 50% or more) 


“Data on file at Bausch & Lomb 
Pharmaceuticals, Inc. 

©1989 Bausch & bomb 
Pharmaceuticals, Inc. 

All rights reserved. 


- BIO-COR® In place nost-operatively to enhance healing 
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= Reduces post-op stromal 
edema 

= Increases fibroblast activity 
at incision 

a Collagen fibers guide cellular 
migration 

= Normalizes surface epithelial 
bonding 

= Protects keratocytes around 
wound 

m Higher collagen content at 
wound site (approximately 
one third more collagen 
available) 

= Comprised of scleral collagen 


BAUSCH & LOMB (P) 
BAUSCH & LOMB 
PHARMACEUTICALS, INC. 


11300 49th Street, North 
Clearwater FL 34622-4807 





ese i r & Lomb Pharmaceuticals, Inc. 


stands alone. Over the past 
three years, Bausch & Lomb 
Pharmaceuticals, Inc., as well 
as clinical investigators around 
the world, have been pursuing 
a massive research program 
pioneering new ophthalmic 
applications for collagen. 

Available in various dis- 
solution rates: To suit your 
individual office/patient needs, 
BIO-COR® Collagen Corneal 
Shields come in 22-, 24-, or 
72- hour dissclution rates 
(approximate). 

A breakthrough in corneal 
care, ready for your patients 
today. BIO-COR® Collagen 
Corneal Shields are ready now, 
and we urge you to experience 
their healing benefits with 
your patients. 





To order, call toll-free: 
1-800-832-6393. 
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Facilitating 
capsulorhexis 


4/1 use VISCOAT to make my tear 
capsulotomy easier and more con- 
sistent. As I use Utrata forceps to 
tear the anterior capsule, I want a 
well-maintained chamber for ease 
of movement as I grasp and | 
regrasp the capsule. VISCOAT 
gives me that without the need for 


any additional irrigation. I find this 


beneficial, especially in cases with 
positive vitreous pressure where 
the tear is apt to run to the side. 77 
C.J. Anderson, MD 
~ Madison, Wisconsin 


"U.S. Patent Pending 













Preventing 
a capsular tear 
during phaco 

with VISCOAT®* 


//\t'S important to be able to con- 
trol the position of a jagged nuclear 
fragment with regard to the cornea 
and posterior capsule during 
phacoemulsification. By placing 
VISCOAT above and below the 
nucleus, I have this control and 
significantly reduce the risk ofa? ie): iat 
capsular tear. With VISCOAT, I can 1} . 
slow down the movement of the | 

nuclear fragments, thus gaining 
more time to control them. And 
the protective layer of VISCOAT 
remains on the capsule and 

the cornea throughout my phaco 
procedure. // 





Robert Schnipper, MD 
Jacksonville, Florida 


assistant inside the eye. 





a VISCOAT® as a 
capsular bandage 


44On the rare occasion that a pos- 
terior capsule tears, the tenacity of 
VISCOAT allows me to continue 
my planned procedure. At the first 
sign of a rent, I use VISCOAT as a 
bandage over the hole to prevent 
further tearing and to keep the vit- 
reous back. I can then proceed 
with removal of the nucleus, and 
continue to I/A for removal of the 
cortex, with less risk of vitreous 
loss. 77 

Robert G. Wiley, MD 

Toledo, Ohio 


The authors of these quotes have not received 
any financial consideration or other remunera- 
tion for the use of these quotes, nor do they 
have any financial or proprietary interests in 
VISCOAT. 


Please see next page for summary 
of VISCOAT product information. 


© Capyright, Alcon Surgical, Inc., 1989 










hat makes VISCOAT such a valuable 
“surgical assistant”? 
Simply stated, VISCOAT viscoelastic 


solution has the ability to adapt to and 
enhance your techniques for cataract removal 
and IOL implantation. 

As depicted in these three techniques, 
VISCOAT has an outstanding coating ability 
that lets it stay in place throughout your 
procedures: So you can be sure that it will 
protect delicate tissues even through the 
most intricate maneuvers. And its high 


viscosity gives you worry-free dome 


maintenance and provides superb tissue 
manipulation. 

How can you use this outstanc- 
ing surgical assistant to your best 
advantage? We believe that you can ye 
combine the versatility of VISCOAT M 
with your ingenuity todevelopan fe 
array of techniques that will 
enhance surgery. | 

In the meantime, if you would 
like to know more about the 
surgical techniques facilitated by 
VISCOAT viscoelastic solution, 
call Alcon Surgical at 
1-800-654-6243; in Washington 
State call 1-800-562-3299. 7 

ie 
+Glasser DB, Katz HR, Boyd JE, et al: Protective 
effects of viscous solutions in phacoemulsification 


and traumatic lens implantation. Ardı Ophthalmol 
1989; 107:1047-1051. 





VISCOAT 


(chondroitin sulfate-sodium hyaluronate) 


Combine your expertise with 


its versatility 
Alcon 


SURGICAL 


Alcon Surgical, Inc., 6201 South Freeway 
Fort Worth, TX 76134-Toll free 1-800-654-6243 
In Washington State 1-800-562-3299 
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VISCOAT* 


(sodium chondroitin sulfate-sodium hyaluronate) 
Summary of Product Information 


INDICATIONS: VISCOAT® is indicated for use 
as a surgical aid in anterior segment procedures 
including cataract extraction and intraocular lens 
implantation. VISCOAT® maintains a deep cham- 
ber during anterior segment surgeries, enhances 
visualization during the surgical procedure, and 
protects the corneal endothelium and other ocular 
tissues. The viscoelasticity of the solution maintains 
the normal position of the vitreous face, thus pre- 
venting formation of a postoperative flat chamber. 


CONTRAINDICATIONS: At the present time, 
there are no known contraindications to the use 
of VISCOAT® when used as recommended. 


PRECAUTIONS: Precautions are limited to 
those normally associated with the surgical pro- 
cedure being performed. Although sodium 
hyaluronate and sodium chondroitin sulfate are 
highly purified biological polymers, the physician 
should be aware of the potential allergic risks 
inherent in the use of any biological material. 


ADVERSE REACTIONS: VISCOAT® has been 
extremely well tolerated in human and animal 
studies. A transient rise in intraocular pressure 
may be expected due to the presence of sodium hya- 
luronate, which has been shown to effect such a 
rise (9.8% >25 mmHg during 1-3 days after 
surgery in human clinical trials). 


HOW SUPPLIED: VISCOAT?® is a sterile, non- 
pyrogenic, 0.50 ml, viscoelastic preparation sup- 
plied in a disposable syringe (encased in a plastic 
sheath with a threaded luer tip). A sterile 27- 
gauge, disposable blunt-tip cannula is provided 
separately. 


FOR INTRAOCULAR USE. 

Both VISCOAT® and cannula are for single 
use only. 

Store Between 2°-8°C(36°-46°F). Do Not Freeze. 


CAUTION: Federal law restricts this device to 
sale by, or on the order of, a licensed physician. 


Alcon Surgical, Inc. 
Bellevue, Washington 98008-5496 


Revised April 1989 


Alcon 
SURGICAL 


Alcon Surgical Inc., 6201 South Freeway, 
Fort Worth, TX 76134, 1-800-654-6243 
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AMA MANUAL 
OF STYLE 


The one to consult 


hether it’s a multi-volume work or a 
short article, you'll find the write stuff in 
the AMA Manual of Style. 

This 8th Edition, a major revision, is the stand- 
ard among medical publishers. All major aspects 
of manuscript preparation are covered in five 
sections which outline: @ Preparing an article for 
publication @ Style © Terminology @ Measure- 
ment and Quantitation @ Technical Information 
and Bibliography. 

You'll find everything you need to make your 
article a success including: @ Legal and Ethical 
Matters @ Grammar @ Punctuation @ Word Use 
è Foreign Words and Phrases @ Diacritics 
è Abbreviations @ Units of Measure @ Numbers 
and Percentages @ Mathematics @ Statistics 
è Production and Printing Terms @ Editing and 
Proofreading Marks @ Eponyms @ Nomenclature 
e Greek Alphabet © Virus Names @ SI Units and 
Conversion Tables @ Expanded Collection of 
Graphs and Charts @ Bibliography @ Resources 
for On-Line Databases. 

Next time you have a question about making 
your medical writing more clear, concise and 
accurate, be ready with one simple answer — the 
AMA Manual of Style. Order your copy today! 
1988/377 pp/4351-X/$24.95 

Want it faster? Call FREE 
1-800-638-0672 from any- 
where in the U.S. 
Maryland residents 
call 528-4221 
COLLECT. 


Yes, send me copies of AMA Manual of 
Style (4351-X) at $24.95 per copy. If not com- 
pletely satisfied, | may return the book within 30 
days at no further obligation (US only). 








Payment Options 
Save postage and handling charges by en- 
closing your payment or charging your order. 


O Check enclosed O Bill me 
O VISA O MasterCard O Am Ex 


Card # Exp. Date 


Signature/P.O. # 
Name 

Address 
City/State/Zip 


Williams & Wilkins 
428 East Preston Street 
Baltimore, MD 21202 
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Laboratory Sciences 


Protoporphyrin IX Photosensitization of 


Corneal Endothelium 


John D. Gotisch, MD; Charles R. Graham, Jr, PhD; Richard J. Hairston, MD; 
Chung-Ho-Chen, PhD; W. Richard Green, MD; Walter J. Stark, MD 


@ Protoperphyrin IX, a naturally occur- 
ring precursor of hemoglobin found in se- 
rum and erythrocytes, is a photoactive 
compound that we have detected in aque- 
ous aspirates of three patients with hyphe- 
mas (0.13, 0.33, and 0.67 ug/dL). To 
determine whether corneal endothelial 
photosensitization could occur, rabbit cor- 
neas were exposed to physiologic concen- 
trations of protoporphyrin and light (200 
aEinsteins [E]/m? per second). Experi- 
mental corneas demonstrated endothelial 
swelling with loss of intercellular contact 
by scanning electron microscopy. Flux 
chamber experiments demonstrated an 
increase in the net endothelial inflow, 
indicating a toss of the endothelial barrier 
function. Control corneas had normal ul- 
trastructural architecture and flux study 
results. These studies suggest that pa- 
tients with long-standing hyphemas who 
may be exposed to long periods of light 
are possibly at risk for developing endo- 
thelial dysfunction and corneal blood 
staining. Patching of these patients’ af- 
fected eyes may be prudent. 

(Asch Ophthalmol. 1989; 107:1497- 
150C) 


(Corneal endothelial photosensitiza- 
tion has been demonstrated with 
the photcactive compounds rose 
bengal' anc hematoporphyrin.’ Proto- 
perphyrin EX, a precursor to hemoglo- 
bin and a naturally occurring constit- 
nent of bloed, has been implicated in 
the disease erythropoietic protopor- 
phyria, a condition characterized by 
photosensitivity resulting in pruritus, 
dermal edema, and erythema.** Por- 
phyrins have been demonstrated in the 
blood-stained cornea,’ and we recently 
have detected the presence of proto- 
porphyrin IX in the anterior chamber 
of patients with hyphemas. We deter- 
Be hii eii 


Aceepted for publication May 5, 1989. 

From the Wilmer Ophthalmological Institute 
‘Drs Gottsch, Hairston, Chen, Green, and Stark) 
and the Corneal Biochemical Research Center 
‘Drs Gottsch, Chen, and Stark), The Johns Hop- 
Kins Hospital, and the Department of Biology, 
Loyola College (Dr Graham), Baltimore, Md. 


mined that physiologic concentration 
of protoporphyrin IX in the presence of 
light could photosensitize the endo- 
thelium, leading to endothelial abnor- 
malities that could be detected by 
scanning electron microscopy and bi- 
carbonate flux studies. 


PATIENTS AND METHODS 
Aqueous Protoporphyrin IX Levels 


Patients With Hyphema.—An aqueous 
sample (0.30 mL) was aspirated with a 25- 






Direction: 





3.0 


2.0 


1.0 


u Equivalent/cm? per Hour 


Passive Bicarbonate Flux Measurements 


gauge needle frem three consecutive pa- 
tients with hyphema who presented with 
sustained intraocular pressures requiring 
an anterior chamber washout. 

Control Patients.—Aqueous samples (0.30 
mL) were obtained with a 25-gauge needle 
before anterior capsulotomy in five consec- 
utive patients undergoing uncomplicated 
cataract surgery. 

Protoporphyrin IX Quantification.— All 
samples were placed on ice and transported 
immediately for analysis. All samples were 
processed in a sclvent mixture of ethyl ac- 


Endo-Epi Fiux 


` No Light Light Only Protoporphyrin Light and 
No Protoporphyrin Control Only Protoporphyrin 
Control Control Experimental 
(No Light) 


Corneal Exposure Groups 


Fig 1.—The bicarbonate endothelial-epithelial flux was found to be notsignificantly different among 
the three control groups (groups 1, 2, and 3; P > .05). However, the experimental group was found 
to be significantly higher (P < .001), suggesting there was a loss of the diffusion barrier function 
of the endothelium, allowing nearly a 100% increase in the bicarbonate flux. 


Reprint requests to Wilmer Ophthalmological 
Institute, The Johns Hopkins Hospital, Maume- 
nee Eldg 305, 601 N Broadway, Baltimore, MD 
21205 (Dr Gottsch). 
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etate and acetic acid and reextracted in hy- 
drochloric acid. Analyses were performed 
on a fluorometer (Farrand Model #H-4, 
Farrand Optical Co, Inc, New York, NY) by 
the method of Chisolm and Brown.‘ 


Photosensitization Experiments 


Albino rabbits weighing approximately 2 
kg were killed with an intracardiac injec- 
tion of pentobarbital sodium. The eyes were 
removed. For flux chamber experiments, 
the corneal epithelium was removed by 
gentle scraping with a Gill knife. For cor- 
neas to be evaluated by scanning electron 
microscopy, the epithelium was left intact. 

Flux Chamber  Experiments.—Paired, 
deepithelialized corneas were mounted on 
specular microscope mounting rings and 
placed between water-jacketed flux cham- 
bers at 34°C. Each chamber was filled with 
Krebs-bicarbonate Ringer (305 mOsm) at 
pH 7.4. A pair of identical flux chambers 
was used to monitor simultaneously oppo- 
site unidirectional bicarbonate fluxes 
across each of the paired corneas. 

Bicarbonate fluxes were measured for the 
control groups (group 1, no light, no proto- 
porphyrin; group 2, light only, no protopor- 
phyrin; group 3, no light, protoporphyrin 
only) and the experimental group (group 4, 
protoporphyrin and light). Each group con- 
sisted of five pairs of corneas. 

In group 1, corneas were incubated in 
Krebs solution for 20 minutes in a dark 
room. In group 2, corneas were incubated in 
Krebs solution and exposed to 100 W at 10 
cm for 20 minutes (200 „Einsteins [uE]/m? 
per second) filtered through 1 cm of water 
in a Petri dish serving as a heat sink. In 
group 3, corneas were incubated in proto- 
porphyrin IX disodium (Sigma Chemical 
Co, St Louis, Mo; 0.10 g/dL) in Krebs solu- 
tion for 20 minutes in a dark room. In group 
4, corneas were incubated in protoporphy- 
rin IX (0.10 g/dL) in Krebs solution and si- 
multaneously exposed to 100 W at 10 cm for 
20 minutes (200 wE/m? per second) filtered 
through 1 cm of water in a Petri dish. 

After each group underwent treatment, 
unidirectional bicarbonate fluxes were ob- 
tained by filling either the upper, endothe- 
lial surface chamber or lower, stromal sur- 
face chamber with Krebs-Ringer solution 
containing carbon 14-labeled bicarbonate 
(New England Nuclear, North Billerica, 
Mass; 1 uwCi/mL). Unlabeled Krebs-Ringer 
solution (30 mmol/L bicarbonate) was 
added to the opposite chamber of each set. 
After 1 hour of equilibration, the unlabeled 
side was flushed with 10 mL of Krebs solu- 
tion. The last 5 mL of effluent was collected 
to assay the “cold side” background counts 
per minute. Five-milliliter cold side sam- 
ples were subsequently taken at 30 minutes 
and 1 hour after the initial background 
sample. “Hot side” samples were taken at 
the completion of each experiment by aspi- 
rating the contents of the hot chamber into 
a clean syringe. Cold chamber counts were 
corrected for dilution by multiplying by 2.9 
for the upper and by 2 for the lower cham- 
ber. One hundred microliters of each sam- 
ple was added to 10 mL of solvent (New En- 
gland Nuclear) and counted in a liquid 
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Net Bicarbonate Fluxes = Active — Passive 


Corneal Groups 


1. No Light 
No Protoporphyrin Controls 


2. Light Only Controls 


3. Protoporphyrin Only Controls 


4. Light and Protoporphyrin Experimentals 


Passive Flux 
(1.65 + 0.12) 


Active Flux 
(4.89 + 0.24) 


Net Flux 


(3.24 + 0.12) 


Passive Flux 
(1.81 + 0.14) 


Active Flux 
(5.06 + 0.18) 


Net Flux 


(3.15 + 0.14); 


Passive Flux 
(1.87 + 0.14) 


Active Flux 
(5.18 + 0.28) 


Net Flux 


(3.31 + 0.28) 


Passive Flux 
(3.19 + 0.28) 


Active Flux 
(5.08 + 0.24) 


Net Flux 


(1.89 + 0.28) 





Fig 2.—Net flows of the control groups (groups 1, 2, and 3) have a nearly identical net epithelial- 
endothelial outflow. However, the experimental corneal group (group 4) had a significantly lower 
net outflow (P < .001), reflecting the significantly higher passive influx of the cornea. 


scintillation counter (Beckman LS-3150T) 
for 20 minutes. 

Scanning Electron Microscopy.—Control 
and experimental corneas were prepared as 
described for flux chamber experiments. 
The corneas were fixed immediately after 
exposure to the experimental conditions in 
4% formaldehyde solution and 1% glu- 
taraldehyde. Specimens were postfixed in 
1% osmium tetroxide, dehydrated in 
graded alcohols, critical-point dried, and 
coated with gold-pallidium in a vacuum 
evaporator. Specimens were examined by a 
scanning electron microscope (JEOL, To- 
kyo, Japan). 

Statistical Analysis.x—Means were com- 
pared using analysis of variance tech- 
niques. Differences between the groups 
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were determined using Bonferroni t tests 
for multiple comparisons. 


RESULTS 
Protoporphyrin IX Levels in Patients and 
Controls 


Protoporphyrin IX levels were mea- 
surable in three consecutive patients 
who presented with a hyphema who 
required irrigation of the anterior 
chamber for severely elevated intraoc- 
ular pressure (0.33, 0.67, and 0.16 g/ 
dL). Of five patients who had an ante- 
rior chamber paracentesis before cat- 
aract extraction, none had detectable 
levels of protoporphyrin IX. 
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Bicarbonate Fluxes 


Active Fluxes.—The bicarbonate epi- 
thelial-endothelial flux was found to be 
not significantly different among the 
three control groups (groups 1, 2, and 
3) and the experimental group (group 
4) (P = .05). These data suggest that 
the endothelial bicarbonate pump re- 
mained functional during the experi- 
ments performed. 

Passive Fluxes.—The bicarbonate en- 
dothelial-epithelial flux was found to 
be not significantly different among 
the three eontrol groups (P > .05). 
Hewever, the experimental group was 
found to be significantly higher 
(P < .001; Fig 1), suggesting there was 
a loss ef the diffusion barrier function 
of the endothelium, allowing nearly a 
100% increase in the bicarbonate in- 
flux 

Net Fluxes.— Net flow of the control 
groups had a nearly identical net epi- 
thelial-endothelial outflow. However, 
the experimental corneal group (group 
4) hada significantly lower net outflow 
(P < .001), reflecting the significantly 
higher passive influx of the cornea (Fig 
2). 


Scanning Electron Microscopy 


All eontrel corneas (groups 1 to 3) 
demonstrated a normal hexagonal ar- 
ray without cellular disruption or 
swelling (Fig 3). Scanning electron 
microscopy of experimental corneas 
(group 4), however, demonstrated 
scattered cellular disruption with uni- 
form cellular swelling and loss of in- 
tercellular contact (Fig 4). 


COMMENT 


In the biosynthetic pathway leading 
to hemoglobin, protoporphyrin IX is 
the immediate precursor molecule. It 
is naturally occurring in erythrocytes, 
with a normal range of 0.30 to 0.90 g/ 
dL. Protoporphyrin IX was detected in 
the aqueous aspirates of three consec- 
utive patients who presented with hy- 
phemas who required surgical inter- 
vention for sustained high pressures. 
No protoporphyrin was detectable in 
aqueous samples taken from five pa- 
tients before routine cataract extrac- 
tion, indicating that protoporphyrin is 
net secreted or filtered into aqueous. 
The levels of protoporphyrin detected 
in these patients with hyphema ranged 
from 0.16 to 0.67 mg/dL, within the 
nermal range of protoporphyrin 
IX concentration found in blood. In 
erythropoietic protoporphyria, large 
amounts of protoporphyrin accumu- 
late in erythrocytes and serum. This 
inherited disorder of porphyrin me- 
tabolism can result in photosensitivity 
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Fig 3.—All control (top, group 1; center, group 2; bottom, group 3) cosneas demonstrated a nor- 
mal hexagonal array without cellular disruption or swelling by scanning electron microscopy (orig- 
inal magnification X500). 
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Fig 4.— Scanning electron microscopy of experimental corneas (group 4) demonstrated scattered 
cellular disruption with uniform cellular swelling and loss of intercellular contact (original magni- 


fication X500). 


manifested by burning, itching, der- 
mal edema, erythema, vesicular 
eruptions, petechiae, and residual 
scarring.** In certain patients, liver 
failure may occur, resulting in death.’ 
Many patients with this condition of- 
ten become symptomatic immediately 
after sunlight exposure. Others have 
reported symptoms occurring not only 
with natural sunlight but also with 
exposure to fluorescent lighting.*“ 
Porphyrins have been detected by 
spectrophotometric analysis in an an- 
imal model of corneal blood staining. 
The presence of porphyrins preceded 
the influx of hemoglobin and hemoglo- 
bin breakdown products into the cor- 
nea. Hypothetically, porphyrins that 
are bound in erythrocytes could be lib- 
erated by cell lysis and subsequently 
diffuse into the cornea. In an animal 
model of corneal blood staining, endo- 
thelial decompensation preceded the 
influx of hemoglobin. High intraocular 
pressure is thought to be the mecha- 
nism responsible for the endothelial 
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Invest Ophthalmol Vis Sci. 1984:25:455-460. 

2. Hull DS, Green K, Hampstead D. Effect of 
hematoporphyrin derivative on corneal endothe- 
lial cell function and ultrastructure. Invest Oph- 
thalmol Vis Sci. 1985;26:1465-1474. 

3. Magnus IA, Jarrett A, Prankerd TAJ, Rim- 
ington C. Erythropoietic protoporphyria: a new 
porphyria syndrome with solar urticaria due to 
protoporphyrinaemia. Lancet. 1961:2:448-451. 

4. DeLeo VA, Polt-Fitzpatrick M, Mathews- 
Roth M, Harber LC. Erythropoietic protoporphy- 


decompensation that occurs in blood- 
stained corneas.**? However, corneal 
blood staining has been reported in the 
presence of low intraocular pressure.’ 
Photosensitization of the endothelium 
by protoporphyrin IX could be a re- 
sponsible mechanism for endothelial 
dysfunction preceding corneal blood 
staining, allowing the influx of eryth- 
rocytic breakdown products into the 
stroma. 

Photosensitization of the endothe- 
lium with rose bengal' and hema- 
toporphyrin? has been demonstrated 
previously, resulting in sufficient en- 
dothelial dysfunction to allow the in- 
flux of ionic substances. The phototoxic 
mechanism of endothelial damage oc- 
curring with hematoporphyrin may 
result from the same mechanism or by 
the production of hydrogen peroxide, 
which can be quenched in the presence 
of catalase.’ Photosensitivity from 
protoporphyrins is thought to occur 
from the generation of highly reactive 
singlet oxygen radicals that are pro- 
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duced by the photoexcited triplet state 
of protoporphyrins returning to the 
ground state.''!? These free radicals 
can attack cellular membranes and 
organelles, producing cellular dys- 
function and death. 

This study demonstrates that phys- 
iologic concentrations of protoporphy- 
rin IX can photosensitize the endothe- 
lium, producing ultrastructural and 
ionic flux study abnormalities. The 
level of photointensity utilized in these 
experiments was one tenth that deliv- 
ered by full sunlight (200 uE/m? per 
second vs 2000 uE/m:? per second). Al- 
though the exposure to light was for 
only 20 minutes, this was sufficient 
time to precipitate a breakdown in the 
barrier function of the endothelium. 
Increased photoexposure may result in 
further endothelial damage. The loss 
of the endothelial barrier function 
could facilitate the movement of 
erythrocyte breakdown products into 
the stroma, resulting in a blood- 
stained cornea. 

Other anterior segment structures 
that may be damaged by protoporphy- 
rin IX photosensitization include the 
iris, the lens, and angle structures, 
possibly contributing to ocular inflam- 
mation, cataract formation, and glau- 
coma. Protoporphyrin IX has been de- 
tected in aspirates of vitreous hemor- 
rhages (data not given), suggesting the 
possibility of posterior segment pho- 
tosensitization. 

Although most hyphemas clear rap- 
idly and completely, some hyphemas 
may be long-standing with low pres- 
sure not requiring surgical interven- 
tion. It may be prudent in these pa- 
tients to patch the affected eye to 
reduce the possibility of photodamage. 
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Promotion of Graft Survival by Photothrombotie Occlusion 
of Corneal Neovascularization 


George Gorrent, MD, PhD; Thomas J. Roussel, MD; Scheffer C. G. Tseng, MD, PhD; Brant D. Watson, PhD 


èe Cornmeal neovascularization may re- 
duce the suecess of penetrating kerato- 
plasty. Photothrombosis using intrave- 
nous ros2 bengal and argon laser irradia- 
tion has shewn promise for occluding 
corneal vessels. It is therefore conceiv- 
able that photothrombosis can improve 
the graft survival in vascularized corneas. 
Using intracerneal 7-0 silk sutures as the 
stimuli, cormeal neovascularization was 
induced in 1 eye each of 19 New Zealand 
white rabbits. Eleven eyes received pho- 
tothrombosis. Successful occlusion with 
subsequent regression was verified by 
corneal fluorescein angiography. Three 
were assigned for observation. Six of 8 
eyes receiving grafts from an outbred rab- 
bit denor after photothrombosis remained 
clear during 5.5 to 18.5 weeks of follow- 
up, while vascularization and opacity oc- 
curred in 7 cf 8 control eyes without pho- 
tothrombosis. These results indicate that 
prior phototmrombotic occlusion of cor- 
neal vessels can significantly improve 
graft survival in this experimental model 
and may have clinical applications. 

{Asch Ophthalmol. 1989;107:1501- 
1506) 


Corneal transplantation is the most 
successful of all human organ 
transplants, with reported success 


Aceepted for publication May 23, 1989. 

Fram tie Bascom Palmer Eye Institute, De- 
partment of Ophthalmology (Drs Corrent, Rous- 
sel, and Tseng), and the Cerebral Vascular Dis- 
ease ResearcheCenter, Department of Neurology 
(Dr Watsen), Fniversity of Miami School of Med- 
icine, Fla Dr Corrent is now with The Depart- 
mentof Ophthalmology, Cleveland Clinic Florida, 
Fort Lauderdale. 

Reprint requests to Bascom Palmer Eye Insti- 
tute, PO Eox016880, Miami, FL 33101 (Dr Tseng). 


Arch Opħthaimol— Vol 107, October 1989 


rates of over 90% in selected series.'” 
In high-risk eyes, ie, corneas with 
chronic inflammation, infections, or 
vascularization due to any cause, the 
rate of graft failure due to rejection is 
greatly increased. The presence of cor- 
neal neovascularization is believed to 
be a major causative factor for graft 
rejection.** Laser photocoagulation 
for treating corneal neovasculariza- 
tion has been described.”'* It has not 
achieved uniform acceptance because 
of vessel recanalization, thermal dam- 
age to adjacent tissue with a resultant 
increased inflammatory response, and 
possible worsening of neovasculariza- 
tion.' 

Photothrombosis is a novel way of 
occluding blood vessels by the induc- 
tion of thrombus formation via the 
photochemical interaction between a 
photosensitizing dye (in this case, rose 
bengal) and laser light irradiation (in 
this case, argon green). This type of 
photochemical reaction generates sin- 
glet oxygen molecules that trigger di- 
rect peroxidation of lipids, proteins, 
and other biological materials, leading 
to endothelial damage and platelet 
aggregation.'*'* As we have previously 
reported,'*! photothrombosis is supe- 
rior to conventional laser photocoagu- 
lation without the use of a photosensi- 
tizer because it produces its effects at 
physiological temperatures, thus min- 
imizing thermal damage and inflam- 
mation. Furthermore, the thrombi in- 
duced by photothrombosis are primar- 
ily composed of fibrin-poor platelet 
aggregates that are resistant to the 
lysis initiated by tissue plasminogen 
activator." Photothrombosis has 
been successfully used to occlude nor- 


mal vessels of the retina and 
choroid” and to produce neovascu- 
larization of the cornea.'?”! 

The objectives of this study were to 
assess the effectiveness of photo- 
thrombosis in a rabbit model of su- 
ture-induced corneal neovasculariza- 
tion, and to see if such treatment could 
improve central corneal graft survival 
in this model. 


MATERIALS AND METHODS 


All investigations described in this re- 
port conformed to the Association for Re- 
search in Vision and Ophthalmology Reso- 
lution on the Use of Animals in Research. 


Rabbit Model of Corneal 
Neovascularization 


New Zealand albino rabbits, weighing 
from 2.0 to 3.8 kg, of either sex, were used. 
The model of suture-induced corneal neo- 
vascularization was created according to 
the method previously described, with 
modifications.” Rabbits were anesthetized 
with an intramuscular injection of xylazine 
hydrochloride and ketamine hydrochloride. 
Braided 7-0 black silk sutures were placed 
radially to midstromal depth at the 12-, 3-, 
6-, and 9-o’clock meridians of one cornea of 
each rabbit. Two sutures were placed end- 
to-end in each quadrant, the first passing 
through the limbus and exiting approxi- 
mately two thirds of the distance to the 
central cornea, and the second extending 
from the central cornea to the inner edge of 
the first suture (Fig 1). All knots were not 
buried, and topieal polymyxin B and baci- 
tracin or tobramycin ointment was then 
applied at the end of the procedure. The 
above modifications were made after pre- 
liminary experimental trials using various 
sizes of suture, ie, 6-0, 7-0, 8-0, and various 
numbers of sutures, ie, one vs two in a row 
in each quadrant, as well as various num- 
bers of quadrants fer the induction of var- 
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Fig 2.—Effect of photothrombosis on suture- 
induced corneal neovascularization. The ex- 
ternal appearance of the photothrombosed 
vascularized area at the 3-o’clock meridian (A) 
is shown at higher magnification than that of B, 
and successful obliteration of blood flow is 
verified by the lack of fluorescein leakage (B). 
To illustrate that the photothrombosed blood 
vessels are indeed deprived of any blood flow 
at the time of transplantation, corneal vascu- 
larization was induced on both superior and in- 
ferior aspects of one cornea, to which photo- 
thrombosis was applied only to the superior 
aspect (C). The interruption of blood flow was 
confirmed by fluorescein angiography (D). Dur- 
ing trephination, blood was emitting toward the 
inferior aspect of the trephine groove (E), but 
no blood collected on the superior aspect (F). 
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Fig 1.—Model of suture-induced corneal neo- 
vascularization. The figure depicts one exam- 
ple of the progressive development of corneal 
neovascularization stimulated by two consec- 
utive 7-0 sutures placed intrastromally in four 
quadrants for 2 days (A) and 10 days (B). One 
week after suture removal, florid vasculariza- 
tion is seen to extend into the central cornea 
(C), and the new blood vessels show fluores- 
cein leakage (D). 
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Fig 3.—External appearance of the eight grafted corneas of the control group without prior pho- 
tothrombosis treatment. All grafts except graft 3 showed marked vascularization, opacity, and 
edema, or signs of graft rejection. The rabbit eyes are numbered to match their counterparts in 
the experimental group shown in Fig 4 that received paired corneas from the same donor. The 
photographs were taken on days 130, 122, 54, 24, 91, 82, 47, and 38 after keratoplasty for these 
eight comeas, respectively. 


ious extents of corneal neovascularization. 
Based on these preliminary trials, we chose 
the above modifications, which gave a more 
consistent result of neovascularization 
with moderate severity. Such moderate to 
severe vascularization lasted for a suffi- 
cient period on suture removal and was able 
to give rise to a high rate of graft rejection. 
We observed a rateof nine (100% ) of nine 
graft rejections in a preliminary experi- 
ment using this modified method. 
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Controls and Timing of Treatments 

Experiments were conducted in four sets 
of rabbits, each set consisting of two treated 
with photothrombosis and two untreated 
controls. In each set, corneal neovascular- 
ization was induced concurrently. In each 
set, attempts were also made to match con- 
trol and treated eyes for the degree of cor- 
neal vascularization, since the extent and 
size of vessels varied slightly from eye to 
eye. The intracorneal 7-0 silk sutures were 


removed 14 to 18 cays after placement, 
when the new vessels in each quadrant were 
within 1 mm of the central cornea. In the 
experimental group, photothrombosis was 
conducted 48 to 56 hours after suture re- 
moval. Penetrating keratoplasty was per- 
formed 36 to 42 hours after photothrombo- 
sis in the experimertal group; the control 
group received corneal grafts at the same 
time. Each pair of contro! and experimental 
eyes received central corneal tissue from 
the same donor rabbit, which was an out- 
bred, partially pigmented California strain. 
All sutures were removed from the grafts at 
1 week, and the previously mentioned top- 
ical antibiotic ointments were then applied 
daily for an additional week. 


Photothrombosis 


Rose bengal (certified grade, 95%, Ald- 
rich Chemical Co, Milwaukee, Wis) was 
dissolved in normal saline at a concentra- 
tion of 20 mg/mL and sterilized by passing 
through a 0.22-um filter. Based on our pre- 
vious experiments,” a dose of 20 mg/kg of 
body weight was initially given as a single 
intravenous bolus. In some cases, a larger 
dose of 30 mg/kg was given as two divided 
doses, with the second given 20 to 30 min- 
utes after the first. The decision to give a 
second bolus or the lerger dose was based on 
the observed effectiveness of photothrom- 
bosis and the number of vessels remaining 
to be treated.” 

The laser apparatus used in this experi- 
ment was the same as previously 
described.” Irradiation of corneal vessels 
was accomplished with an argon laser op- 
erating at 514.5 nm, and at power levels 
ranging from 75 to 90 mW, as measured 
with a Scientech Model 365 power meter. 
The beam was focused into a 63-um spot size 
and was pulsed with 0.2-second duration. 
Each vessel was oecluded with 3 to 15 
pulses. Constriction of the vessel and inter- 
ruption of the blood column were used as 
clinical indicators of the effectiveness of 
photothrombosis. One drop of topical gen- 
tamicin sulfate or of polymyxin B sulfate 
and bacitracin zinc (Polysporin) was ap- 
plied after photothrembosis. All four quad- 
rants of the new blood vessels were treated. 
The effectiveness of photothrombosis was 
confirmed by corneal fluorescein angiogra- 
phy. Later, it was also judged by grading 
the degree of hemorrhage at the time of 
keratoplasty (Fig 2). 


Penetrating Keratoplasty 


After induction of general anesthesia 
with intramuscular xylazine and ketamine, 
a 6-mm central corneal button was tre- 
phined from a donor rabbit. Before surgery, 
the recipient rabbit was given 5000 U of in- 
travenous heparin sodium and the iris was 
dilated with 3 drops of 1% cyclopentolate 
hydrochloride. A 6-mm central button was 
then trephined from the recipient eye. The 
degree of hemorrhage from the cut edge of 
the cornea was graded at this time. The do- 
nor button was sutured into the recipient 
bed with 10-0 monefilament nylon, using 
running and interrupted sutures, and all 
the knots were buried. Air was injected into 
the anterior chamber to prevent synechia 
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Fig 4.—€External appearance of the eight grafted corneas of the experimental group receiving 
photothrombosis in all four quadrants. Corneal graft 3 displayed a mild opacity inferiorly, and graft 
4 showed graft rejection. The remaining six corneal grafts did not vascularize, undergo rejection, 
or become opaque throughout the period of study. The photographs were taken on days 29, 59, 
68, 24, 7, 19, 70, and 19 after keratoplasty for these eight corneas, respectively. 


formation and angle closure glaucoma. The 
same topical antibiotic solutions as de- 
scribed previously were used preopera- 
tively and postoperatively. No topical ste- 
roids were administered at any time. 


Postoperative Examinations 


Rabbit eyes were examined with an oper- 
ating microscope while the animal was 
lightly anesthetized by intramuscular in- 
jection of a mixture of xylazine and ket- 
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amine. Postoperative examinations were 
made every 5 to 8 days for a period of 6 
weeks, and every 2 weeks thereafter. Color 
photographs were taken every 2 weeks, and 
fluorescein angiography was performed be- 
fore and after photothrombosis to docu- 
ment vessel closure and again when the 
opaque and vascularized graft was noted or 
just before the rabbit was killed. The mean 
follow-up period was 14.5 weeks, with a 
range of 6.5 to 18.5 weeks. 


1989 


Criteria for Graft Survival 


Corneal graft failure was determined if 
progressive donor corneal edema and sub- 
sequent opacification and vascularization 
occurred in grafts that had previously been 
clear. In theory, this could be due to either 
graft rejection or graft failure. Epithelial 
and endothelial rejection lines were also 
used to identify early rejection episodes, 
though these were observed infrequently, 
probably owing to the fact that our postop- 
erative evaluation was not performed on a 
daily basis. We did not use slit-lamp evalu- 
ation or measurement of corneal thickness 
routinely. However, among the total of 16 
grafts, we were able to analyze 9 specimens 
by conventional histology and observed 
that the clear grafts had minimal inflam- 
matory cellular infiltrate and the grafted 
stroma was compact and avascular. In con- 
trast, the rejected specimens showed mod- 


erate lymphocyte infiltration, loss of cor- 4 


neal endothelium, or replacement by retro- 
corneal fibrous tissue. Since we did not 
analyze all the specimens, we could not 
conclude that all opaque, vascularized 
grafts were due to allograft rejection. We 
therefore graded our data to include both 
graft rejection and possible graft failure 
and compared the experimental and control 
group in the context of graft survival. 


RESULTS 
Formation and Regression of Corneal 
Neovascularization 


Neovascularization was induced by 
two consecutive 7-0 sutures placed in 
each quadrant. The vessels advanced 
in a vanguardlike pattern, with the 
apex following the suture tract, and 
vessels reached the center of the cor- 
nea in 2 to 3 weeks (Fig 1). The new 
vessels persisted as long as sutures 
were left in the stroma. After the su- 
tures were removed, there was a grad- 
ual regression of corneal neovascular- 
ization. The regression of neovascular- 
ization showed a much greater degree 
of interanimal variation than was ob- 
served for the growth of vessels. In a 
preliminary experiment, we observed 
100% (9/9) allograft rejection in this 
model when photothrombosis was not 
performed (result not shown). 


Effect of Photothrombosis 


Successful treatment with photo- 
thrombosis was noted by the clinical 
observation of vascular closure at the 
time of laser treatment, as well as by 
fluorescein angiography performed 
within 24 hours after treatment (Fig 2, 
A and B). Regression of the vessels in 
14 to 40 days was noted. Repeated an- 
giograms showed no reperfusion of the 
corneal neovascularization in those 
three eyes receiving thrombosis but 
designated for observation without 
penetrating keratoplasty. The success 
of photothrombosis was also demon- 
strated by the lack of bleeding in the 
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Fig 5.—Comparison of the external appearance and fluorescein pattern of the clear graft (A and 
B) of case 8 of the experimental group on day 38 after keratoplasty and opaque rejected graft of 
case 7 cf the control group on day 70 after keratoplasty (C and D). The blood vessels, if present, 
are limited to the graft-host junction (A and B), but they invaded the graft and leaked when the 
graft was rejected (C and D). 


cut edge during trephination, as com- 
pared with the untreated control area 
(Fig 2, C to F). 


Effects of Photothrombosis on Graft 
Survival 


Only two of eight corneas in the 
treatment groups became vascularized 
or opaque, representing a survival rate 
of 75%. Seven of eight control al- 
lografts became vascularized and 
opaque, representing a significantly 
lower survival rate of 12.5% (P < .05, 
x? test). As shown in Fig 3, all eight 
grafts in the control group were 
opague and vascularized except num- 
ber 3. These seven control grafts be- 
came vascularized and opaque between 
the seeond and the sixth weeks after 
grafting. In contrast, all eight grafts of 
the experimental group remained 
clear, except graft 3, which showed 
partial opacity, and graft 4, which 
showed graft vascularization and 
opacity (Fig 4). One of the two eyes 
(case 4) that failed or was rejected af- 
ter receiving photothrombosis was 
noted to have copious hemorrhage at 
the time of trephination, indicating 
probable inadequate closure of corneal 
neovascularization. Case 4 was re- 
jected between the second and the 
third weeks after grafting, and case 3 
showed partial graft opacity between 
the fifth and sixth weeks. 

Even in those experimental eyes 
that showed little or no hemorrhage at 
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the time of trephination, some of them 
had patent blood vessels, as verified by 
follow-up angiography. They were 
noted up to the graft-host junction at 
the time of suture removal, which was 
1 week after penetrating keratoplasty, 
and stayed the same way for the entire 
follow-up period (Fig 5, A and B). In all 
failed or rejected grafts, corneal neo- 
vascularization had bridged the graft- 
host junction and extended into the 
donor graft in 1 week. These vascular- 
ized grafts gradually became thicker, 
hazier, and finally opaque (Fig 5, C and 
D). All the successful corneas, six of 
the experimental group and one of the 
control group, did not undergo rejec- 
tion or become opaque from the sixth 
week to the end of the follow-up period, 
ie, 18.5 weeks after penetrating kera- 
toplasty. 


COMMENTS 


Our results show that pretreatment 
of corneal neovascularization by pho- 
tothrombosis improves graft survival. 
In this study, photothrombosis ap- 
peared to exert its effects by occluding 
corneal neovascularization during a 
critical period immediately before and 
shortly after transplantation. 

Previously, Khodadoust and Silver- 
stein? demonstrated in their rabbit 
model that persistent corneal vascu- 
larization induced by leaving a single 
silk suture in the cornea can result in 
allograft rejection. We had to modify 


the present experiment by removing 
silk sutures from the corneal stroma so 
that the subsequent photothrombotic 
occlusion could sustain its effect. Leav- 
ing the sutures in the stroma will pre- 
clude this owing to the presence of 
continuous inflammatory stimuli. It 
was also noted in our preliminary ex- 
periment as well as in other reports 
that the new blood vessels will undergo 
rapid regression when the sutures are 
removed. To circumvent this difficulty, 
we had to use more than one suture 
placed in four quadrants to induce 
moderate to severe corneal vascular- 
ization, which on suture removal still 
allowed a high rate of allograft rejec- 
tion. As a matter of fact, this modified 
method providec a 100% (9/9) al- 
lograft rejection m a preliminary trial 
(result not shown). 

In some cases, the corneal blood ves- 
sels were noted either to regrow or to 
recanalize within 1 week following 
photothrombosis. However, perma- 
nent occlusion of the neovasculariza- 
tion did occur in other cases. This dif- 
fers from the previous model, in which 
chronic corneal neovascularization 
was created following ocular surface 
injury.” In the latter model, photo- 
thrombosis-induced vascular occlu- 
sion was noted in all cases and lasted 
for the entire period of study (16 
weeks).”°*! One should also recognize 
that the previous photothrombosis- 
treated eyes did not undergo subse- 
quent corneal transplantation. In the 
present experiment, penetrating kera- 
toplasty might have induced further 
inflammation due to surgical trauma. 
Another differenee between our previ- 
ous and current experiments may be 
that neovascularization in the present 
model developed acutely with more 
surrounding stromal inflammation. 
Under acute infammation, the new 
blood vessels may be more permeable, 
and the rose bengal less confined 
within the blood vessels. The leaking 
rose bengal could absorb a fraction of 
the laser light amd, by means of stro- 
mal photo-oxidation, cause more sur- 
rounding tissue damage and inflam- 
mation (also see below). This might 
explain the occurrence of recanaliza- 
tion or the production of more new 
blood vessels in some cases. Further- 
more, reperfusion after photothrom- 
bosis has been reported in treating 
normal retina/choroid vessels.”” 

In the present model, photothrom- 
bosis produced temporary occlusion of 
the corneal vessels. Although reperfu- 
sion could occur as quickly as within 5 
to 7 days in some cases, temporary oc- 
clusion of the original new blood ves- 
sels appears to decrease or prevent 
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vascular invasion into the graft tissue. 
Since rejection was never noted either 
in an avascular graft or in a graft in 
which the vessels had regressed, the 
temporary inhibition of vascular inva- 
sion into the graft appears to be an 
important factor in achieving the dif- 
ference in graft survival between the 
experimental and the control groups. 
These observations indicate that cor- 
neal neovascularization was a major 
factor in inciting graft rejection or 
failure in this model, an idea that has 
been noted consistently in previous 
reports.**?5 

Two potential adverse reactions to 
photothrombosis were observed in 
nontarget tissues. Direct damage to 
the anterior corneal stroma was noted 
in three cases. Since the laser power 
and intensity were at most 90 mW and 
2.9 kW/cm?, respectively, levels that 
normally will not cause photocoagula- 
tion damage, the observed tissue dam- 
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ical reaction in the stroma that re- 
ceived leaking rose bengal. We also 
observed sectoral areas of chorioreti- 
nal scarring in three photothrombo- 
sis-treated animals. Whether these 
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tain, since retinal examinations were 
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thrombosis. The fact that such lesions 
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that photothrombosis of peripheral 
cornea might deflect some irradiation 
into the posterior pole and induce ret- 
inal or choroidal vessel occlusion, a 
phenomenon that was also noted in 
other reports” in which photothrom- 
bosis was directed to retinal or choroi- 
dal vessels. Thus, although vascular 
occlusion by photothrombosis is much 
more efficient than photocoagulation, 
considerations such as susceptibility 
of adjacent tissues to indirect or de- 
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rived photochemical effects are also 
more efficiently expressed, perhaps in 
similar proportions. These must be 
balanced against the requirement of 


producing, with the least total irradi- b 
ation exposure, stabilized platelet ag-* 


glutinates in the vasculature. This im- 
plies the presence of sufficient radia- 
tion intensity in combination with 
optimum beam focusing, factors that 
depend on the skill and judgment of 
the operator. Future modification of 
the delivery method and preventive 
measures may be required to make 
photothrombosis an applicable clinical 
treatment. 
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Lysosomal Enzyme Abnormalities in Keratoconus 


Shoichi Sawaguchi, MD; Beatrice Y. J. T. Yue, PhD; Joel Sugar, MD; Jean E. Gilboy 


~ 


@ We studied the lysosomal enzyme ac- 
tivities in corneas obtained from 12 pa- 
tients with keratocenus. Three acid hydro- 
lases—acid phosphatase, acid esterase, 
and acid lipase—were demonstrated by 
histochemical staining methods in the ep- 
ithelium, stroma, and endothelium of cor- 
neas with keratoconus and normal human 
corneas. Analyses by an image-process- 
ing system indicated that the epithelium, 
especially the basa! epithelium, of corneas 
with keratocoaus had significantly higher 
levels of acid phosphatase, acid esterase, 
and acic lipase than those in normal human 
controls. Such an abnormality was not 
seen in either scarred corneas or corneas 
obtained from patients with Fuchs’ cor- 
neal dystrophy. Our finding is consistent 
with the hypothesis that tissue degrada- 
tion processes may be abnormal in kera- 
toconus. In addition, our data suggest that 
the corneal epithelium, as previously spec- 
ulated, may also bednvolved in this corneal 
disease. 

(Arch Ophthalmol. 
1510) 


1989; 107:1507- 


eratoconus is a disease character- 

ized by thinning and scarring of 
the central portion of the cornea.' Pre- 
vious biochemical studies™ have 
shown that corneas obtained from pa- 
tients with keratoconus contained a 
reduced amount of total protein com- 
pared with normal controls. The pro- 
tein synthesis by cultured corneal 
stromal cells derived from some pa- 
tients with keratoconus, however, ap- 
peared to be normal.** These findings 
have led us to hypothesize that degra- 
dation processes may be aberrant in 
keratoeconus. 

To test this hypothesis, we investi- 
gated lysosomal enzyme activities in 
keratoconus. Using a histochemical 
method,’ we examined three acid hy- 
drolases: acid phosphatase, acid es- 
terase. and acid lipase. The enzyme 
levels in corneas with keratoconus 
were compared with those in normal 
human and other diseased corneas. 


PATIENTS.AND METHODS 


Twelve corneal buttons from patients 
with typical clinical features of keratoco- 


Accepted for publication April 21, 1989. 

From the Department of Ophthalmology, Lions 
of Illinois Eye Research Institute, University of 
Illinois at Chicago, College of Medicine. 

Reprint requests'to 1855 W Taylor St, Chicago, 
IL 60612 (Dr Yue). 


Arch Ophthalmol—Vol 107, October 1989 


nus (donor age, 14 to 75 years; mean+SD, 
36.8 +17.0 years) were obtained at the time 
of transplantation. Ten normal human eyes 
(donor age, 16 to 78 years; mean+SD, 
50.0+23.7 years) were obtained from the 
Illinois Eye Bank, Chicago. These eyes were 
obtained within 20 hours (range, 1 to 20 
hours) of death. The donors did not have 
any known ocular diseases, and their cor- 
neas were clear and unremarkable. Two 
corneas, 1 scarred from injury (donor age, 
71 years) and 1 from interstitial keratitis 
(donor age, 43 years), as well as 4 others 
from patients (aged 55, 71, 74, and 79 years) 
with Fuchs’ corneal dystrophy, were used 
as an additional set of controls. 

Corneas excised from normal human eyes 
and transplantation specimens from pa- 
tients were fixed immediately in 4% para- 
formaldehyde containing 7.5% sucrose for 
24 hours and rinsed for 30 minutes in a 1% 
gum acacia and 30% sucrose solution.‘ 
These corneas were embedded in Tissue Tek 
O.C.T. (Tissue Tek, ICN, Lisle, Ill) and 
snap-frozen in liquid nitrogen. Within 10 
days, 8-um-thick frozen sections were cut at 
—20° C with a microtome-cryostat (model 
CTF, International Equipment Co, Need- 
ham Heights, Mass) and placed on slides 
precoated with polylysine hydrobromide 
(Polysciences Inc, Warrington, Pa). They 
were then incubated immediately with spe- 
cific substrate-containing buffer as previ- 
ously described.‘ The substrates for acid 


phosphatase, acid esterase, and acid lipase 
were naphthol AS-3I phosphate, a-naph- 
thyl acetate, and a-maphthyl palmitate, re- 
spectively. After an mcubation period rang- 
ing from 3 hours (fr acid esterase) to 24 
hours (for acid phosphatase and acid lipase) 
at 25° C, the sections were counterstained 
with 0.05% light green in 1 mol/L sodium 
acetate buffer, pH 40, dehydrated in ethyl 
alcohol, cleared in xylene, mounted in syn- 
thetic resin, and examined under a micro- 
scope. 

A video camera «Dage series 68, Dage- 
MTI, Michigan City Ind) was used to visu- 
alize the histocherrical staining, and the 
image was processed by a Zeiss SEM-IPS 
(Carl Zeiss, Thornwood, NY) image-pro- 
cessing system. Tris system was estab- 
lished and calibrated‘? in the laboratory of 
Paul Knepper, MD, PhD, at Children’s Me- 
morial Hospital, Chicago. For our speci- 
mens, the measurements were made as the 
percent of transmission with a 40X/1.0 oil- 
immersed objective used a Zeiss scanning 
microspectrophotonmeter with wavelength 
set at 500+10 nm. The zero transmission 
value was measured as a camera blank, 
which was the absoute black that the cam- 
era could detect. The 100% transmission 
value was measurec as the average value of 
an empty background field. For each layer 
of the corneal specimens, at least five mea- 
surements were mede on focused areas of 
different fields. The transmission values 


Table 1.—Clinical Characteristics of Corneas From Patients Wth Keratoconus* 


Age, y, at 
P 
Onset Surgery 


Patient 


No./ Sex Race 


VA Before 
Surgery 


Keratometric 
Reading 


Clinical Features 
Before Surcery 





1/M Asian 18 20 CF at 30 cm Iron ring, 61.00/60.00 
scar (+) 


2/F White 10 43 20/50 Iron ring, 61.00/66.50 
scar (+), 
epithelial d=fect 

3/M White A 75 20/200 iron ring, 48.50/ 56.00 
scar (+) 

4/M White 16 57 20/80 Iron ring, 53.00/59.00 
scar (+) 

5/F White 22 30 20/30 Iron ring, 62.00/66.12 
scar (+) 

6/F White 28 33 10/200 Iron ring, 59.00/72.00 
scar(+) 

7/F Asian 19 24 20/60 Iron ring, 49.50/54.00 
scar (+) 

8/F White 28 36 20/60 Iron ring, 65.25/65.25 
scar (+) 

9/M White 15 23 20/400 lron ring, 65.00/67.00 
scar (+) 

10/M White 16 47 CF at 120 cm Iron ring, 68.00/ 73.00 
scar (+) 

11/M Black 18 38 20/400 Iron ring, 61.00/64.00 
scar (+) 

12/M Hisp 8 14 20/200 Iron ring, 64.00/70.00 
scar (+) 


* VA indicates visual acuity; CF, counting fingers; plus, mild scarring; plus/minus, minimal to mild scarring; 


and Hisp, Hispanic. 
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were then used to calculate the optical den- 
sity or absorbance values by A=—log 1/T, 
where A is the optical density or absor- 
bance and T is the percent transmission 
value. Data obtained from keratoconus 
specimens and from the central portion of+ 
normal human corneas were analyzed. 
Grouped Student’s ¢ tests were used for 
statistical analysis. 


RESULTS 


Table 1 summarizes the clinical fea- 
tures, including age, sex, race, and oc- 
ular manifestations, for the 12 pa- 
tients with keratoconus. Only patient 4 
had a family history of keratoconus, 
and only patient 3 had other ocular 
complications that included amblyo- 


Table 2.—Histopathologic Findings of Corneas From Patients With Keratoconus* 





Breaks in Iron Staining Breaks in 
Patient Bowman’s Fleischer Descemet’s Fibrous 
No. Membrane Ring Membrane Scar 










* Plus indicates positive; minus, negative; and plus/minus, very mild scarring. 


5 A tie : 
e E 





Fig 1.—Acid phosphatase staining in the anterior cornea from patient with keratoconus (left, patient 3) and 68-year-old 
normal individual (right). Positive reaction products appear as reddish-brown deposits (original magnification, X40). 





Fig 2.—Acid esterase staining in the anterior cornea from patient with keratoconus (left, patient 3) and a 73-year-old nor- 
mal individual (right). Positive reaction products appear as reddish-brown deposits (original magnification, X40). 
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pia and cataract. Diagnosis was con- 
firmed by pathologic examination 
(Table2), which showed characteristic 
features of kerateconus such as breaks 
in Bowman’s condensation and/or pos- 


“Nitive iron staining for the Fleischer 


+ 


~ 


y 


ring. Mild fibrous scars were noted in 
seven corneal buttons, while no scars 
were found in the other five. Disrup- 
tion of Descemet’s membrane was not 
observed in any of the corneas. 

Figure 1 shows the histochemical 
staining for acid phosphatase. This 
enzyme, as evidenced by the reddish- 
brown reaction products, was found 
present in the epithelium and stroma 
of both corneas with keratoconus (Fig 
1, left)and normal human corneas (Fig 
1, right). The corneal endothelium also 
stained positively for acid phosphatase 
(photographs not shown). Among the 
three types of corneal cells, stromal 
cells showed the lowest enzymatic ac- 
tivity. The intensity of staining for 
acid phosphatase, especially in the 
basal epithelium, was visibly higher in 
corneas with keratoconus than in the 
normal controls. Such an abnormality 
was nct seen in either scarred corneas 
orcorneas obtained from patients with 
Fuchs’ corneal dystrophy. 

Staining patterns similar to that for 
acid phosphatase were also seen for 
acid esterase (Fig 2) and acid lipase 
(photographs net shown). Both en- 
zymes were enhanced in the epithelial 
layer of keratocenus. 

The histochemical staining was fur- 
ther analyzed and the intensities of 
reaction products were measured with 
the use of the Zeiss image-processing 
system. In each specimen, the stroma 
had a bower acid phosphatase (Table 3) 
activity than the corneal epithelium 
and endothelium. No differences were 
found between the anterior and the 
posterior portions of the stroma. Sta- 
tistical analyses revealed that in kera- 
toconus, the corneal epithelium, in- 
cluding basal epithelial, surface epi- 
thelial, and wingcells, and the anterior 
stroma contained a significantly 
higher level of acid phosphatase than 
that found in the central portion of 
normal control corneas. The increase 
in the enzyme, however, was not uni- 
formly observed in all keratoconus 
specimens. For instance, among the 11 
specimens studied, all had signifi- 
cantly increased.acid phosphatase lev- 
els in the basal epithelial layer of 
keratoconus, but only 8 specimens 
showed such an increase in the wing 
cells and 6 in the surface epithelial 
cells. Increased levels of acid phos- 
phatase were also found in the anterior 
stremal cells of 6 corneas with kerato- 
conus. The average enzyme intensity 
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Table 3.— Staining Intensity of Acid Phosphatase in Comeas From 
Patients With Keratoconus * 











Epithelium Stroma 
Patient n ri. 


No. Basal Wing Cells Surface Anterior P osterior 
2.73+0.51t 4.06+1.05+ 1.87+0.14§ 0.62+0.05 0.2+0.09 
3.05+0.80¢ 2.15+0.74§ 0.69+0.06+ 0.€2+0.11¢ 
2.99+0.99§ 1.65+0.63 0.66+0.13 0.€2+0.14 
3.14+0.25|| 3.89+0.91t 0.59 + 0.04§ 0.78 + 0.074 
1.79+0.56 1.21+0.21 0.77 +0.16§ 0.44 + 0.06 1.17+0.13§ 
5.34+0.66|| 3.92+0.96¢  0.56+0.24 0.5 +0.04§ 0.62 + 0.07 
1.61 +0.36 0.96 +0.13 0.75+0.07ł 0.®2 +005 0.86 +0.06 
1.85+0.34¢ 2.92+0.88§ 2.72+0.57ł 0.60 +0.04§ 0.&7 +0.21 0.97 +0.14 
1.79+0.45§ 2.52+0.65§ 1.20+0.18 0.47 +0.05 0.5 +0.17 0.77 +0.10 
1.23+0.08t 1.61+0.29 112017 0.45+0.02 0.63 + 0-08 0.63 +0.04 
3.04+0.764 0.39+ 0.06 0.5 +0.06 1.07 +0.20 


Patients With Keratoconus as a Group (n= 11) 
2.92+0.36t 2.11+0.34¢ 0.60 + 0.04§ 0.€1 +005 0.98 +0.10 


Normal Human Controls (n=9) 
0.81+0.05 0.94+0.06 1.17+0.07 0.46 +0.04 


Other Surgical Corneas (n=6)' 
0.75 +0.07 0.88 + 0.08 0.98 + 0.06 0.51 +0.06 0.43+0.03 1.10+0.15 


*Data (mean + SEM) are optical densities calculated from the percent transmession values measured by an 
image-processing system. All keratoconus specimens except that from patient 1 were examined. For those 
data not significantly different from normal human controls, P values are not given. 

+P < .0008 compared with normal human controls. 

+P < .008 compared with normal human controls. 

§P < .05 compared with normal human controls. 

||P < .00006 compared with normal human controls. 

{The specimens included two scarred corneas and four others from patients with Fuchs’ corneal dystrophy. 

















Endothelium 
0.79+0.05 
1.00+0.09 
1,81+0.21T 
1.08 + 0.09 



















































2.53+0.7 14 
2.05 +0.32t 
2.17 + 0.464 
2.18 +0.30]| 
1.28+0.13+4 
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1.03+0.18 — 
















Table 4.—Staining Intensity of Acid Esterase and Acid Lipase in Corneas From 
Patients With Keratoconus * = 














Normal Human Other Surgical 
Keratoconus Controls Corneast 
Corneas (n=7) (n=5) 



















Acid Esterase 
1.31+0.204(8) 


2.74+0.51§(8) 
1.60+0.31 (7) 
0.27 + 0.03§(6) 
0.20+0.03 (3) 
0.49+0.08 (5) 


Acid Lipase 
0.53+ 0.05] (4) 


0.57+0.07 (1) 
0.45+0.05 (1) 
0.23+0.03 (1) 0.23+0.02 0.25+0.03 
Posterior stroma 0.29+0.04 (3) 0.22 + 0.03 0.24 +0.01 
Endothelium 0.39+0.05 (2) 0.39 + 0.06 0.36 + 0.05 


* Data (mean + SEM) are optical densities calculated from the percent transmssion values measured by an 
image-processing system. For acid esterase, all keratoconus specimens excep that from patient 4 were ex- 
amined. For acid lipase, keratoconus specimens from patients 1, 2, 4, 5, 8, 9, 1G anc 11 were examined. Val- 
ues in parentheses indicate the number of specimens that showed a value signifeantly higher than that of nor- 
mal human controls. 

+This group included two scarred corneas and three others from patients wita Fuchs’ corneal dystrophy. 

+P < .01 compared with normal human controls. 

§P < .02 compared with normal human controls. 

||P < .05 compared with normal human controls. 





0.47 + 0.03 
0.91+0.19 
0.99 + 0.08 
0.15 +0.03 
0.18 +0.03 
0.34 + 0.04 










0.54 +0.05 
0.97 +0.10 
0.90 +0.11 
0:17 +0:01 
0.17+0.01 
0.40 +0.05 


Basal epithelium 
Wing cells 
Surface epithelium 
Anterior stroma 
Posterior stroma 
Endothelium 





























































0.40 + 0.05 
0.57 + 0.07 
0.41+0.05 





Basal epithelium 
Wing cells 
Surface epithelium 
Anterior stroma 












0.49+0.05 
0.39+0.03 











































in the posterior stromal and corneal dent of the donor age and postmortem 
endothelial cells in keratoconus was time. The stainiag intensity found in 
similar to that in controls. When ana- scarred corneas and corneas obtained 
lyzed individually, however, higher- from patients wizh Fuchs’ corneal dys- 
than-normal values were seen in some trophy was similar to that in normal 
keratoconus specimens. Variations human corneas (Table 3). 

among the normal control specimens Analysis of th acid esterase stain- 
were between 2% and 30%, indepen- ing (Table 4) yielded similar results. 
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Significantly higher staining intensi- 
ties were found in the basal and wing 
cells of the corneal epithelium in kera- 
toconus specimens than in those of 
control specimens. The enzyme levels 
in the surface epithelium, anterior 
stroma, posterior stroma, and endo- 
thelium of keratoconus specimens 
were within the normal range, al- 
though variations among specimens 
were noted. 

The staining intensity in the corneas 
was lower for acid lipase (Table 4) than 
for acid phosphatase and acid esterase. 
Nevertheless, it was similarly demon- 
strated that acid lipase activity was 
significantly increased in the basal ep- 
ithelium of corneas with keratoconus. 
The activity in other layers of kerato- 
conus was not significantly different 
from that in the controls. 


COMMENT 


Using histochemical techniques, the 
present study demonstrated the dis- 
tribution of acid phosphatase, acid es- 
terase, and acid lipase in the three 
layers of the cornea. This method pro- 
vides a means for localizing a variety 
of enzymes on corneal specimens. 
Quantification of the enzyme levels in 
each location can be achieved through 
computerized colorimetry with the use 
of an image-processing system. 

Lysosomal enzymes have be 
shown to be widely distributeu in oc. - 
lar tissues,*? including the cornea.!>"“ 
They have been implicated in ocular 
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diseases such as uveitis and retinal 
degeneration.'’2 Our study demon- 
strated that the corneas from patients 
with keratoconus had elevated levels 
of three acid hydrolases when com- 
pared with normal human corneas. 
The elevation was most prominently 
seen with acid phosphatase and was 
highlighted in the basal epithelium of 
keratoconus specimens. 

Lysosomal enzymes are active ele- 
ments participating in the degrada- 
tion of protein, polysaccharide, nucleic 
acids, and lipids into low-molecular- 
weight constituents under acidic pH.” 
They are involved physiologically in 
phagocytosis!”'* and catabolism,” and 
pathologically in inflammation, im- 
mune responses,”' and lysosomal stor- 
age diseases.” The current finding that 
corneas with keratoconus contain 
higher-than-normal levels of lysoso- 
mal hydrolases is consistent with the 
hypothesis that tissue degradation 
processes may be affected in keratoco- 
nus. Previously, an increased col- 
lagenase activity has been demon- 
strated in keratoconus.”>** It should be 
noted, however, that degradation is a 
complex process requiring delicate 
balances of both degradative enzyme 
and inhibitor activities. The exact 
mechanism leading to the aberrant 
degradation processes in keratoconus 
remains to be determined. It is also 
unknown whether this aberration is a 
primary factor related to the disease 
development. 
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Heterogeneity in keratoconus has 
been demonstrated in previous 
investigations.2*”52’ In the present 
study, heterogeneity in the enzyme 
levels was also seen among the 12 
keratoconus specimens. The variations” 
could not be correlated to differences 
in medical histories, clinical features, 
or histopathologic characteristics such 
as degree of scarring or keratometric 
readings. 

It was suggested in the early 1960s,” 
based on electron microscopic exami- 
nations, that the basic defect in kera- 
toconus may lie in the epithelium and 
its interaction with stroma. As there 
was no further evidence to support this 
hypothesis, it has since been viewed as 
only conjecture. The present histo- 
chemical study, showing alterations in 
enzyme levels principally in the cor- 
neal epithelium of keratoconus, may 
provide, for the first time, more direct 
evidence that the corneal epithelium 
may indeed be involved in keratoconus. 
Further investigations regarding the 
precise roles of corneal epithelium in 
this disease are warranted. 
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A New Test for Endothelial Viability 


The Janus Green Photometry Technique 


Cħristāan Hartmann, MD, PhD, Peter Rieck 


® A new in vitro technique was devel- 
oped to measure, by simple photometry, 
the amount of Janus green extracted with 
absolute alcohol from isolated corneas af- 
ter vital staining. The amount of stain cor- 
responded to the percentage of damaged 
endothelial cells and was a reliable param- 
eter of endothelialviability. More rapid and 
easier to perform than the usual cell count- 
ing of devitalized cells, this technique can 
be used to study the endothelial damage 
induced, for example, by experimental 
surgery, intraocular solutions, intraocular 
lens material, cornea storage solutions. As 
an example of application, results of the 
endothelial status after medium-term pres- 
ervatian of pig corneas (n = 40) in a mod- 
ified McCarey-Kaufman medium at 4°C 
were determined. The mean + endo- 
thelial damage was 8.5% + 1.8% (mean 
+ SD) after 4 days, 29.5% + 3.7% after 7 
days, 45.5% + 5.5% after 10 days, 
69.3% + 3.7% after 14 days, and 100% 
after 20 days of storage in McCarey- 
Kaufman medium. 

(Arca Ophthaimol. 
1515) 


1989; 107:1511- 


Je were looking for a rapid and 

simple alternative to the time- 
consuming counting of altered or dead 
endothelial cells after vital staining. 
We eonsidered the technique of 
Schrapel et al' te represent such an al- 
ternative. These authors have used 
photometry to quantify the amount of 
toluidine biue extracted from the cor- 
nea fcllowimg vital staining. They also 
provided important additional work 
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by parallel cell counting, done before 
dye extraction. However, their tech- 
nique revealed several disadvantages, 
mainly concerning the process of ex- 
traction of the vital stain. The tech- 
nique of Schrapel et al! first requires 
laborious dissection of the endothe- 
lium together with Descemet’s mem- 
brane, leading to possible artifacts. 
This has to be followed by chemical 
dissolution of the colored endotheli- 
um-Descemet’s membrane in 5 mol/L 
sodium hydroxide. This dissolution is 
incomplete, leaving small tissue parti- 
cles that influence photometry. Fi- 
nally, pH adjustment and dilution 
with a two-step inversion of the color 
reaction of toluidine blue is necessary 
before finally arriving at photometry.’ 

The aim of our study was to develop 
a rapid photometric assay that was as 
simple as possible to quantify endo- 
thelial vital staining. We postulated 
that the ideal technique should give a 
result expressed directly as a percent- 
age of endothelial damage in a few 
minutes. 

Wetried a number of vital stains (eg, 
toluidine blue, lissamine green, rose 
bengal, neutral red, Janus green [JG], 
and methylene blue), beginning with 
the widespread trypan blue. We were 
looking for a stain with the following 
characteristics: 

1. Selected staining of damaged 
cells, and no staining of intact endo- 
thelial cells. 

2. Similar staining intensity of en- 
dothelial cells and denuded Descemet’s 
membrane. 

3. The possibility of easily washing 
out the fixed stain within seconds in a 
small quantity of solvent, with the lat- 
ter being entirely different from the 
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rinsing solution that is necessary to 
wash off the supernatant colorant-dye 
solution. 

4. The possibility of storing the ex- 
tracted stain for a longer period with- 
out deterioration to allow a series of 
experimental studies to be conducted 
economically. 

It was condition No. 3 that turned 
out to be the mest difficult to realize. 
Trypan blue and toluidine blue, for in- 
stance, could not be washed out with 
any solvent that we tried. Further- 
more, trypan blue stains Descemet’s 
membrane more intensively than the 
endothelium. The only vital stain that 
we found corresponding to all of the 
criteria was the basic stain JG, which 
has been used for staining of muco- 
polysaccharides and mitochondria in 
the cornea and other tissues.**? More 
recently, JG was found to be useful in 
vital staining of the corneal endo- 
thelium.‘ 


MATERIALS AND METHODS 


After measurement of the extinction 
maximum of JG (650 nm), a standard graph 
was established with known concentrations 
of JG (Fig 1). On this linear standard graph, 
the concentrations and extinction values 
corresponding to 0% and 100% endothelial 
damage were determined by taking the fol- 
lowing types of corneas: for the 0% lesion, 
freshly excised pig corneas (n = 32); and for 
the 100% lesion, freshly excised pig corneas 
treated with absolute alcohol to alter en- 
dothelial viability and permeability of the 
whole endothelial layer (n = 26) and pig 
corneas with a denuded Descemet’s mem- 
brane after mechanical endothelial abra- 
sion under a stereomicroscope (n = 10). 

Pig eyes were freshly enucleated from 
animals aged about 9 months immediately 
after these animab were killed in the abat- 
toir. We thus had abundant fresh corneal 
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Fig 1.—Janus green standard curve was established with known concentrations (range, 17 to0.5 
mg/L) of Janus green. Extinction values obtained with Janus green photometry technique were 
referred to this linear graph; results are expressed directly as percentage of endothelial damage. 


material at our disposal without having to 
kill rabbits or cats for our experimental 
work. The whole eyes were transported at 
room temperature in a balanced salt solu- 
tion (BSS) with 40 mg/L of nystatin and 20 
mg/L of gentamicin and processed within 
30 to 120 minutes after enucleation. 

To rule out interindividual factors, eg, 
varying cell densities that possibly influ- 
ence JG uptake, a series of paired corneas 
that were freshly excised from both eyes of 
12 animals were taken and compared with 
the 32 unpaired corneas that were used to 
determine the 0% lesion. 

All corneas were carefully excised with a 
2-mm scleral rim (Fig 2, A). After short 
rinsing in a BSS, the corneoscleral seg- 
ments were placed on a corneal trephining 
wax cup with an excavation that corre- 
sponded to the corneal curvature, with the 


A 


endothelial side upward. The whole endo- 
thelium was stained for 90 seconds with 200 
uL of 1% JG solution, prepared with a BSS 
(Fig 2, B). Subsequently, a thorough rinsing 
of the cornea in a BSS was performed for 2 
minutes (Fig 2, C). Trephining was done 
with a 9-mm trephine under a stereomicro- 
scope (Fig 2, D). Light microscopy and pho- 
tography of the 9-mm buttons were per- 
formed to evaluate the type (cell death/cell 
loss) and extension (diffuse/localized) of 
endothelial lesions (Fig 2, E) and finally for 
cell counting. Elution of the stain was done 
in a disposable test tube that was filled with 
1 mL of absolute alcohol. Complete extrac- 
tion of the stain was achieved after 90 sec- 
onds (Fig 2, F). Photometric measurement 
of the elution was performed with a spec- 
trophotometer (Carl Zeiss), taking absolute 
ethyl alcohol as the blank value (Fig 2, G). 
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The photometric values obtained were then 
referred to the standard curve, and the re- 
sults were expressed directly as endothelial 
damage in percent (Fig 2, H). 

The solutions, stored at room tempera- 
ture, were measured every 2 weeks, up to 2, 
months. 

To evaluate the reliability of our tech- 
nique, a study was performed to compare 
photometric values with parallel cell count- 
ing of the same cornea. 

Corneas were preserved for 7(n = 10) and 
10 (n=10) days in a modified McCarey- 
Kaufman (MK) medium. 

After brief warming in a BSS at room 
temperature, the corneas were processed as 
shown in Fig 2(B through E). Counterstain- 
ing with alizarin red was performed accord- 
ing to the technique that we previously have 
described.‘ 

One central and four midperipheral 
fields were immediately counted under a 
stereomicroscope (magnification, X200). 
The mean value of the percent endothelial 
damage was then compared with the result 
of photometric measurement of the same 
cornea. Photomicrographs were taken be- 
fore elution. 

In a series of an application of the JG 
photometry technique, 40 pig corneas were 
excised with a 2-mm scleral rim under the 
stereomicroscope. They were stored at 4°C 
in a commercial MK preservation medium 
(Dispersa) under sterile conditions for 4, 7, 
10, 14, and 20 days, respectively (eight cor- 
neas at each interval). The MK medium 
that was used contained tissue culture me- 
dium 199, Earle’s BSS, 5% dextran 40000, 
100 to 200 ng/mL of gentamicin sulfate, 50 
ng/mL of polymyxin, and 15 to 20 umol/mL 
of HEPES buffer. 

After brief warming in a BSS at room 
temperature, all stored corneas of one in- 
terval were processed within 30 minutes in 
the described manner. 


RESULTS 


Janus green gives a more pro- 
nounced staining result than trypan 
blue, which mainly stains the nuclei 
while only staining the cytoplasm 
poorly. Janus green gives intensive 
dark blue staining of the nuclei, with 
light staining of the cytoplasm. Thus, 
JG-stained cells are clearly outlined 
(Fig 3). Janus green can replace trypan 
blue in combined trypan blue/alizarin 
red staining. 

The extinction values of the 32 
freshly excised normal pig corneas re- 
vealed an arithmetic mean + SD of 
0.0558 + 0.015, corresponding to cell 
damage of 5.1% + 1.4%. 

There was no significant difference 
(P => .867, t = 0.172, and df= 11) be- 
tween the extinction values of these 32 
unpaired corneas and the extinction 
values of the 12 paired corneas of the 
animals of about the same age. 

Apparently, small areas of endothe- 
lium may be altered by the enucleation 
and corneal excision procedure, even 
when it is done under the most careful 
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Fig 2.— Individual steps of Janus green photometry technique (for details, see text). Excision (A), 
staining (B), rinsing in balanced salt solution (C), trephination (D), light microscopy (E), elution (F), 
photometric measurement (G), and reading of results (H). 


conditions. As staining of the whole 
cornea was done before punching out 
the 9mm corneal buttons, trephina- 
tion does not interfere with this initial 
endothelial trauma that is induced by 
preparation. To avoid underestimation 
of even minimal endothelial trauma, 
we did not take the mean of the ex- 
tinctiom values, ie, 0.0558, as the 0% 
value of endothelial damage, but de- 
cided to take an extinction value of 0. 
This value corresponded to a cornea 
without any endothelial damage, an 
instance apparently rarely to be en- 
countered. The mean + SD extinction 
value of the 26 corneas that were 
treated with absolute alcohol was 
1.207 + 00076, with the lowest extinc- 
tion value being 1.1 E for the 10 
abraded corneas (1.27 + 0.501). There 
was no significant difference in the ex- 
tinction values between the alcohol- 
treated.and abraded corneas (P = .029, 
t = 0.655, and df = 34). 

As photometric reading becomes 
difficult with extinction values above 
1.4, itwas decided not to take the mean 
values of the corneas with a 100% en- 
dothdlial lesion as the threshold of the 
100% damage, but to take its lowest 
extinetion value (1.1). This decision 
may have led to a slight overestima- 
tion, but avoided the more dangerous 
underestimation of the extent of the 
endothelia! trauma. 

It explains why all corneas with 
more or less complete endothelial 
Gamage are located beyond the 100% 
damege threshold on our standard 
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curve (Fig 1). Nevertheless, the me- 
thodical error of overestimation that 
was induced was less than 10%, when 
the extinction value was 1.1 instead of 
the mean of 1.2 taken as the 100% 
damage threshold. Repeated photo- 
metric measurements of dye solutions, 
stored at room temperature up to 2 
months, gave stable results. 

The results of the additional series 
conducted to determine the degree of 
correlation between cell counting and 
the JG photometry technique will be 
published in detail® (eg, r= 9758 
(n=10] after 7 days and r= 9538 
[n = 10] after 10 days of storage in MK 
medium). 

As an example of an evaluation of a 
cornea storage solution, Fig 4 shows 
the results of the experimental analy- 
sis of 40 pig corneas stored throughout 
different intervals in MK medium. The 
mean + SD percentage of endothelial 
damage was 8.5% + 1.8% after 4 days 
(extinction value = 0.093 + 0.02 [Fig 
5]), 29.5% + 3.7% after 7 days (ex- 
tinction value = 0.324 + 0.041), 45.5% 
+5.5% after 10 days (extinction 
value = 0.496 + 0.06 [Fig 6]), 69.38% 
+37% after 14 days (extinction 
value = 0.762 + 0.041), and 100% (ex- 
tinction value = 1.1) after 20 days of 
storage, with a significant increase in 
cell damage with the time of storage 
increasing (r = .949). 


COMMENT 


The disadvantages of the only tech- 
nique described up to now that com- 
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Fig 3.—Fresh pig cernea with clearly outlined 
damaged cells, nuclei (NL and homogeneously 
stained cytoplasm (©) (wanus green, X200). 





Fig 4.—Endothelial damage of 40 pig corneas 
stored throughout diffeent intervals in Mc- 
Carey-Kaufman (MK) medium (Dispersa) com- 
pared with 32 fresh corneas. Significant in- 
crease in cell damege with increasing time of 
storage (r = .949). 


bines vital staining of corneal endo- 
thelium and photometry’ have been 
mentioned at the bezinning of this ar- 
ticle. They concern the procedure of 
extraction and preparation of the dye 
until photometry. Ia comparison with 
this method, the JG photometry tech- 
nique of corneal encothelium staining 
has several advantages. 


JG Photometry Technique: Objective and 
independent of Personal interpretation 


Janus green stairs the endothelium 
and Descemet’s membrane with an al- 
most identica! intensity. 

We verified this sy comparing two 
series of JG-stained corneas—one af- 
ter treatment witk absolute alcohol 
and the other after endothelial abra- 
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Fig 5.—Pig cornea after 4 days of storage in modified McCarey- 
Kaufman medium, with almost intact endothelial layer and single groups 
mean + SD extinction 
value = 0.09 + 0.02 (8.2% + 1.8% damage) (Janus green, X12). 


of damaged cells. Photometric value: 


sion—and found no significant differ- 
ence between the extinction values of 
the two series. Thus, overall endothe- 
lial damage (cell death and cell loss) 
can be determined by the JG photom- 
etry technique without the risk of 
misinterpretation induced, for in- 
stance, if there were more intensive 
staining of Descemet’s membrane 
than of the devitalized corneal endo- 
thelium as happens with trypan blue. 
If a distinction is to be made between 
individual cell death and cell loss, it is 
necessary to combine the JG photom- 
etry technique with the usual counting 
of stained cells, which can be done be- 
fore elution of JG. There is no doubt 
that with increasing endothelial 
trauma and combining confluent cell 
death and cell loss of larger areas, it 
becomes more and more difficult and 
subjective to count individual devital- 
ized cells and to determine the areas of 
denuded Descemet’s membrane. 


JG Photometry Technique: Relatively 
Simple and Rapid to Perform 


Once standardized conditions are 
created, the time between the excision 
of the cornea and reading of the per- 
centage of endothelial damage must 
not exceed a few minutes. A short 
staining time (90 seconds) eliminates 
the problem of possible dye diffusion 
via Descemet’s membrane and the cor- 
neal stroma. 

Another advantage is the possibility 
of storing the eluted JG solutions, even 
at room temperature, at least for 2 
months without any measurable stain 
alteration. Our results confirm those 
published by van Delft et al,’ showing 
that JG staining can be combined with 
alizarin red staining of cell borders. 

The most important contribution to 
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simplicity seems to us to be that the 
immediate complete extraction of JG 
can be done simply by washing out the 
stain with absolute alcohol, without 
any tissue dissection and corneal ma- 
nipulation inducing preparation arti- 
facts. 


Immediate Expression of JG Photometry 
Technique Results as Percentage of 
Endothelial Damage Without Counting 
Nonviable Cells 


We performed cell counting of 
stored corneas for comparing these 
results with those achieved by the JG 
photometry technique. 

The values obtained show that there 
is a good correlation between the two 
methodical approaches. 

This confirms the results of Schrapel 
et al,' who have shown that there is a 
good correlation (7 = .82) between ex- 
tinction values obtained by photome- 
try and results of parallel counting of 
altered cells of the same corneas. Cel] 
counting that is done accurately is a 
time-consuming procedure that in- 
volves the danger of tissue drying out 
during examination. Furthermore, 
counting of devitalized cells, eg, after 
trypan blue/alizarin red staining, 
must be done immediately if the whole 
flat-mounted corneas are not fixed, eg, 
by using absolute alcohol with the 
technique that we have described.’ 

Furthermore, cell counting merely 
involves the assessment of a small area 
of the complete endothelial surface. In 
a detailed description of their accurate 
cell-counting technique, Schim- 
melpfennig et al’ reported that the 
counted fields represented only about 
7% of the whole endothelial layer. 

With the JG photometry technique, 
the complete endothelial status of the 
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e in modified McCarey- 
amage cells. Photometric 


value: mean + SD extinction value = 0.50 + 0.06 (45.5% + 5.5% 
damage) (Janus green, X12). 


trephined cornea is considered. 

To prove the reliability of the JG 
photometry technique, results of a 
study are presented, which we have 
started to compare the effect of differ- 
ent cornea storage solutions on corneal 
endothelial viability (Fig 4). These re- 
sults are quite conclusive: the extinc- 
tion values of the 40 corneas, stored in 
groups of eight throughout five time 
intervals, vary in only a small range up 
to the 14th day of corneal preservation. 

Our photometric measurements of 
vital-stained endothelia after differ- 
ent storage periods in MK medium 
showed striking similarities to the 
published data, based on the counting 
of MK-stored corneas that were 
stained with trypan blue. 

Data on corneas stored for longer 
periods in MK medium and assessed 
with vital staining are sparse for stor- 
age times that exceed 5 days*’ and, to 
our knowledge, nonexistent for storage 
times that exceed 14 days. The main 
reason for this absence of data is cer- 
tainly that MK medium is now only 
recommended for preservation times 
limited to 4 days.!° 

Stocker" suggested that a donor cor- 
nea should be rejected for transplan- 
tation if more than 30% of the cells 
stain with trypan blue. Nevertheless, 
the exact percentage of viable donor 
endothelial cells to maintain transpar- 
ency of a grafted cornea still remains 
unknown. According to our data (Fig 
4), pig corneas stored in MK medium 
reach the 30% limit after 6 to 7 days. 
However, those pig corneas are ideal, 
as they come from adult animals of the 
Same age and are enucleated immedi- 
ately after death. Even if our experi- 
mental data cannot be extrapolated to 
the preservation of human corneas, 
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our results confirm the recommended 
4-day limit of corneal storage in MK 
medium. 

The objection may be raised to the 
JG photometry technique that the 
overall cell density and cell pleomor- 
phism may influence the results. We 
tried to rule out interindividual factors 
of varying cell density in comparing 
the extinction value after JG staining 
of paired and unpaired corneas and 
found no significant difference. Never- 
theless, it is absolutely necessary to 
check each JG-stained cornea briefly 
under the light microscope to detect 
any unexpected endothelial changes 
(Fig 2, E). 

One major disadvantage of JG is its 
presumed toxicity,’ although, more 
recently, the stain has been listed to- 
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des Hornhautendothels nach Konservierung. 
Klin Monats! Augenheilkd. 1982;180:53-57. 
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experimental! corneal edema. Arch Ophthalmol. 
1966;75:238-243. 

3. Michaelis L. Die vitale Färbung, eine 
Darstellungsmethede der Zellgranula. Arch Mikr 
Anat. 1900;55:558-583. 

4. van Delft JL, Oosterhuis JA, Barthen ER, 
Sijkelenboom AM. Janus green vital staining of 
the carnea. Doc Ophthalmol. 1983;55:47-50. 

5. Hartmann C, Kolb M, Knauer I. Trypanblau- 
Alizarinrot S-Sequenzfarbung mit anschlies- 
sender Fixierung: eine modifizierte Technik zur 
Untersuchung des Hornhautendothels. Klin 
Monatsbl Augenheilkd. 1986;188:302-306. 


gether with several other nontoxic 
dyes. On the other hand, the trypan 
blue currently used in European eye 
banks to check endothelial viability 
before grafting is known to possess 
teratogenic properties.'*’* Anyway, JG 
extraction requires the treatment of 
corneas with absolute alcohol, com- 
pletely destroying endothelial viabil- 
ity. 

Due to this methodical premise, the 
JG photometry technique is not suit- 
able for checking human corneas, for 
example, before use for corneal graft- 
ing. However, under standardized con- 
ditions, the corneas of the contralat- 
eral donor eyes or the remaining pe- 
ripheral rings of the trephined corneas 
may be used to study the endothelial 
status before corneal grafting. 
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In our opinion, the JG photometry 
technique is primarily designed for 
experimental purposes. The JG pho- 
tometry technique may be used to 
evaluate endothelial damage caused, 
for example, by experimental surgery, 
intraocular solutions, intraocular 
lenses, endothelieprotective sub- 
stances, corneal storage solutions. The 
future must show the usefulness of 
this simple and rapid technique in the 
various conceivable instances. 


This study was supported by grant Ha 953/4-3 
from the Deutsche Forschungs-gesellschaft, 
Bonn, West Germany. 

Inge Knauer gave teehnical assistance, Rolf 
Späth provided graphic illustrations, and Ralf- 
Dieter Hilgers contributed statistical consulta- 
tion. 


nea and Its Clinical Imptications. 2nd ed. Spring- 
field, Ill: Charles C Thomas Publisher; 1971. 

12. Lewis WH, Lewis MR. Mitochondria in tis- 
sue culture. Am J Anat. 1914/1915;17:339-401. 

13. Taylor MJ. Clinical eryobiology of tissues: 
preservation of corneas. Cryobiology. 1986;23:323- 
353. 

14. Gillmann JC, Gilbert T, Gillman T, Spence 
IA. Preliminary report on hydrocephalus, spina 
bifida and other congenital anomalies in the rat 
produced by trypan blue. S Afr J Med Sci. 1948; 
13:47-90. 

15. Hamburgh M, Ehrlich M, Nathanson G, 
Pesetsky I. Some additional observations relating 
to the mechanisms of trypan blue-induced ter- 
atogenesis. J Exp Zool. 1975;192:1-11. 


Involvement in Patients With Acquired Immuno- 


MD; Olivier Patey, MD; Paul Deny, MD; Shahin 
MD (Arch Dermatol. 


1515 











Hydrogen Peroxide Damage to Human Cornea] 
Epithelial Cells In Vitro 


Implications for Contact Lens Disinfection Systems 


Brenda J. Tripathi, PhD, Ramesh C. Tripathi, MD 


è We investigated the cytotoxicity of 
hydrogen peroxide by exposing primary 
cell cultures of human corneal epithelium 
to a single dose of this agent at concen- 
trations ranging from 30 to 100 ppm. 
Hydrogen peroxide, at a concentration as 
low as 30 ppm, caused cell retraction as 
well as cessation of cell movement and 
mitotic activity. Formation of membranous 
vesicles preceded cell death that occurred 
by 7 to 8 hours after exposure to 30 ppm. 
With a concentration of 50 ppm, normal 
cell activity ceased almost instanta- 
neously. Numerous surface vesicles 
formed by 1.5 hours of exposure, and the 
cells died by 4 to 5 hours. Higher concen- 
trations of hydrogen peroxide (70 to 100 
ppm) caused cell death within a few min- 
utes. Because neutralization of hydrogen 
peroxide and patient compliance are crit- 
ical in the proper use of hydrogen perox- 
ide-based contact lens disinfection sys- 
tems, users will be well served if the long- 
term effects of residual peroxide on the 
cornea are subjected to continued study. 

(Arch Ophthalmol. 1 989; 107:1516- 
1519) 


The use of 3% hydrogen peroxide so- 

lution as a disinfectant for daily- 
and extended-wear hydrogel contact 
lenses was reported in 1971 However, 
hydrogen peroxide systems did not be- 
come available in the United States 
until 1983 because the Food and Drug 
Administration cautioned about the 
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safety of these regimens, which de- 
pends entirely on adequate neutraliza- 
tion of the hydrogen peroxide.? Since 
then, several hydrogen peroxide-based 
contact lens disinfection products have 
been approved by the Food and Drug 
Administration. In these systems, hy- 
drogen peroxide is neutralized in a vari- 
ety of ways, including the use of a plat- 
inum catalyst, sodium pyruvate, cata- 
lase, or rinsing and dilution. 

All of these methods rely on the lens 
wearer’s compliance with the cleaning 
instructions for complete neutraliza- 
tion. However, the number of steps and 
the time required for neutralization in 
a given system may contribute ad- 
versely to a patient’s compliance in 
following lens-cleaning instructions.; 
Paradoxically, the very convenience 
and comfort of soft contact lenses may 
lead wearers to take the lenses for 
granted, and thus they may become lax 
in carrying out the routines for proper 
care.’ 

Exposure of the eyes to hydrogen 
peroxide at the concentration (3% ) 
used in most contact lens disinfection 
systems can result in stinging, tearing, 
hyperemia, blepharospasm, edema, 
and possibly permanent corneal 
damage.*** Although clinical symp- 
toms of irritation have been reported 
to occur only rarely with exposure to 
hydrogen peroxide at less than 50 ppm, 
some reports suggest that as little as 
30 ppm can cause clinically apparent 
irritation.’ Concentrations of 100 ppm 
and less were found to elicit comfort 
responses similar to those experienced 
with physiologic saline’: this suggested 
that the corneal tissues of the patients 
could be exposed to residual peroxide 
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without inducing discomfort that 
would otherwise serve as an alerting 
signal. These and other reports (see 
“Comment”) led us to investigate the 
toxic side effects of hydrogen peroxide 
on human corneal epithelial cells in 
vitro in an attempt to determine the 
extent of the resulting cell damage and 
to consider the implications of such 
damage for peroxide-based contact 
lens disinfection systems. 


MATERIALS AND METHODS 


We initiated primary cell cultures of hu- 
man corneal epithelium by scraping epithe- 
lial cells with a Bard-Parker scalpel (No. 15) 
from the surface of the corneas of nine 
fresh cadaver eyes. The cells were seeded in 
20-cm? tissue culture flasks containing Ea- 
gle’s minimal essential medium with 15% 
fetal bovine serum and 10% penicillin- 
streptomycin at a pH of 7.4. The cultures 
were incubated at 37°C. The medium was 
changed every 3 days. 

As soon as monolayer cell cultures of the 
corneal epithelium were established, usu- 
ally within 5 to 7 days, we assigned them 
randomly to either a control or an experi- 
mental group. We used 70 primary cultures 
in this study. The control group continued 
to receive medium as described above. Cul- 
tures in the experimental group received 
medium, prepared immediately before use, 
that contained hydrogen peroxide at con- 
centrations ranging from 30 ppm to a max- 
imum of 100 ppm. We chose this range be- 
cause of the controversy concerning the side 
effects of hydrogen peroxide in vivo at these 
concentrations.» 

We monitored the response of the living 
cells under the X10 or X20 objective of an 
inverted phase-contrast microscope 
equipped with an automated incubation 
chamber. The morphogenetic movement, 
cytokinesis, and rate of mitotic activity of 
the cells were documented continuously by 
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time-lapse videomicrography of the cul- 
tures, as well as by sequential phase-con- 
trast photomicrography. At predetermined 
intervals (up to 24 hours), the cultures were 
fixed in 10% formol saline or 3% buffered 
-glutaraldehyde for detailed analysis by 
light microscopy or scanning electron m1- 
croscopy, respectively. The main criteria 
that we used to determine the cytotoxic ef- 
fect of the hydrogen peroxide were (1) 
alterations in the normal cytokinesis and 
movement of the cells, (2) changes in cellu- 
lar morphologic features, (3) inhibition of 
mitotic activity, and (4) cell degeneration 
and death. The last was judged in unfixed 
cultures by fragmentation of the cells, loss 
of attachment to the substrate, and uptake 
of trypan blue stain. 
RESULTS . re 
Control Cultures Fig 1.—Primary confluent control culture of human corneal epithelium. The sells are epithelioid in 
: : è - shape with a wide cytoplasmic span, and they contain a relatively small certrally located nucleus 
Human corneal epithelial cells in (N's with arrowheads) (phase-contrast microscopy, X105). 
primary culture were epithelioid in 
shape with a wide cytoplasmic span 
and centained a relatively small, cen- 
trally located nucleus (Fig 1). Time- 
lapse recordings with the X10 objec- 
tive revealed normal cytokinesis and a 
rate of mitotic activity of 26.2 + 2.8 
divisions per field per 24 hours. The 
number of cells per field varied from 
112 to 140. 





Experimental Cultures 


The dynamic changes that occurred 
in the cells were best visualized by 
~ time-lapse videomicrography. Expo- 
sure to hydrogen peroxide at 30 ppm 
caused immediate retraction of the 
cells,.as well as cessation of movement 
and mitosis. By 4 to 5 hours of expo- 
sure, the cell cytoplasm became gran- ters 
ular, and nuclear shrinkage and py- Fig 2. Cultured human epithelial cells after 5 hours of exposure to 30ppm of hydrogen peroxide. 
knosis were apparent (Fig 2). Scat- The cells show indistinct borders, retraction, granularity of the cytoplasm, shrinkage and pyknosis 
tered, small, optically dense spots ofthe nuclei (N), and a few dense refractile spots on the cell surface (arrows). This is the same 
appeared on the surface of the cells field of view as in Fig 1 (phase-contrast microscopy, X 105). 
and gradually developed into larger 
membraneus vesicles. As judged by 
the trypan blue dye test, 83% of the 
cells had died by 7 to 8 hours of expo- Gj 
sure to hydrogen peroxide. mA a ES SEE Se 
Exposure of cultures to hydrogen TNN O le $T Sa 
** peroxide at 50 ppm caused an almost D 
instantaneous and marked retraction 
ef the cells, as well as cessation of 
movement and mitosis. Within 1.5 
hours, thecell cytoplasm became gran- 
ular, and nuclear shrinkage, vacuola- 
tion, and pyknesis were apparent. Nu- 
merous optically dense spots with re- 
fractile halos appeared on the cell 
surface (Fig 3) and, as recorded by 
time-lapse micrography, as well as by 
sequential phase-contrast microgra- 
phy, they gradually evolved into 
arger, optically lucent membranous 
vesicles within the next 3 hours (Fig 4). 
4% These vesicles measured up to 10 um in 
diameter. The profiles of the membra- 
nous vesicles and of the retracted cells 


Fig 3.—Cultured human epithelial cells after 1.5 hours of exposure to 5C ppm of hydrogen per- 
oxide. The surface of the cells shows numerous optically dense, refractilesspots (arrows) (phase- 
contrast microscopy, X 105). 
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Fig 4.—Cultured human epithelial cells after 5 hours of exposure to 50 ppm of hydrogen peroxide. 
The cells show degenerative changes, includin 

pyknosis, and loss of nuclear profile; the optically dense spots seen in Fig 3 have now developed 
into large, optically lucent vesicles (arrows). This is the same field of view as in Fig 3 with corre- 
sponding arrows (phase-contrast microscopy, X 105), 
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Fig 5.—Human epithelial cells at the edge of a confluent primary culture after 2 hours of exposure 


to 50 ppm of hydrogen peroxide. Cell retraction is 
(arrows) and prominent stress fibers. Membrano 
shaped elevations on the cell surface (scannin 


were revealed clearly by scanning elec- 
tron microscopy (Fig 5). Ninety per- 
cent of the cells died by 5 hours of ex- 
posure. 

With the administration of hydro- 
gen peroxide at a concentration of 60 
ppm, the sequence of events was sim- 
ilar to that at 50 ppm, except that it 
occurred more rapidly and the cells 
died by 4 hours of exposure. With 
higher concentrations (70 to 100 ppm), 
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evidenced by remnants of cytoplasmic processes 
us vesicles (asterisks) appear as smooth, dome- 
g electron micrograph, X4055). 


it was difficult to discern the detailed 
sequence of events because almost al] 
cells died within a few minutes. 


COMMENT 


In 1969, McCord and Fridovich’ re- 
ported the discovery of superoxide dis- 
mutase, which converts the oxygen 
free radical O; to hydrogen peroxide. 
In the presence of excess O; hydrogen 
peroxide may be reduced further to the 
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highly toxie hydroxy] radical, OH. 
During the following years, the role of 
oxygen free radicals in clinical medi- 
cine expanded greatly® and included 
the pathogenesis of ocular disorders 
such as cataracts, ocular hemorrhage,” 
degenerative retinal damage, retinop- 
athy of prematurity, and photic 
retinopathy.*° 
Our study shows that hydrogen per- 

oxide induces significant and repro- 
ducible morphologic and cytotoxic 
changes in human corneal epithelial 
cells in vitro and that these alterations 
are dose and time dependent. A con- 
spicuous feature of the toxic events 
was the evolution of vesicles on the cell 
surface. The difference between the 
optical density of the initial small 
spots (tiny vesicles) and the large ves- 


icles is related to a phenomenon of * 


phase-contrast microscopy in which 
areas of high refractive index appear 
dark and areas of low refractive index 
appear brighter or lucent." Vesicles 
and blebs have also been documented 
in other types of cells damaged by ox- 
idant injury.'*'* The formation of such 
structures has been related to the con- 
centration of extramitochondrial cal- 
cium ions, which is regulated by solu- 
ble thiol groups (particularly 
glutathione),'*” and to an increase in 
the quantity, as well as a rearrange- 
ment, of the cellular F actin.'* These 
changes are essentially irreversible 
and are a part of the process of cell 
death. Hydrogen peroxide can also di- 
rectly damage DNA," and this mode of 
injury has led investigators to con- 
clude that this agent may be capable of 
causing a number of corneal dis- 
orders.'® 

One of our most significant findings 
in this study was the demonstration of 
deleterious effects on the corneal epi- 
thelium in vitro by hydrogen peroxide 
at concentrations as low as 30 ppm. We 
noted that the sequence of events was 
similar at higher concentrations (50 
and 60 ppm), except that the changes 
occurred within a shorter period. How- 
ever, a previous study of human ocular 
response to hydrogen peroxide re- 
vealed that concentrations of peroxide 
below 100 ppm did not elicit a diseom- 
fort response.’ Thus, contact lens 
wearers may be subjected to deleteri- 
ous effects of residual peroxide with- 
out being aware of its presence. A 
comparison of the relative neutraliza- 
tion capacity of six hydrogen peroxide 
disinfection systems showed that, even 
with strict adherence to the manufac- 
turers’ instructions, residual levels as 
high as 200 ppm were present after the 
recommended neutralization period.’ 
Perhaps anything less than total neu- 
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tralization of hydrogen peroxide 
should be considered unacceptable in a 
contact lens disinfection system. 

In the daily use of hydrogen perox- 
ide solutions by patients, several fac- 


*% tors, singly or cellectively, may cause 


inadequate neutralization and leave 
hydrogen peroxide-cleaned contact 
lenses with harmful levels of residual 
peroxide. Depending on the lens- 
cleaning method used, the time re- 
quired for neutralization ranges from 
10 minutes to 6 hours.’ Patients may 
understandably shorten the cleaning 
times, skip steps, take shortcuts, or 
simply leave the lenses in the peroxide 
selution longer than recommended.’ 
Also, in contact lens fitting, ophthal- 
mologists have been replaced to a great 
extent by retail outlets whose fitters 
may or may not provide adequate pa- 
tient instruction and postfitting fol- 
low-up. 

Trace amounts of hydrogen peroxide 
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are normally present in all living cells 
as well as in aqueous humor.” By 
adding exogenous peroxide repeatedly 
to the anterior surface of the cornea, 
we are, in effect, bathing the corneal 
tissues with at least trace amounts of 
the agent both anteriorly and posteri- 
orly. The long-term effects are not yet 
known, but our finding that hydrogen 
peroxide at concentrations as low as 30 
ppm produces significant deleterious 
effects on corneal epithelial cells in 
vitro certainly gives cause for concern. 

The toxic side effects of hydrogen 
peroxide in a normal human eye in vivo 
may be modified by several factors. For 
example, tears (basal and reflex) will 
dilute the peroxide and may also have 
a neutralizing effect. Furthermore, the 
basal layer of the corneal epithelium in 
vivo is protected in part by the multi- 
layered wing and superficial cells, as 
well as by the barrier function of the 
surface cells together with their tight 
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junctions. Therefore, the cytotoxic ef- 
fect of iatrogenically introduced hy- 
drogen peroxide may not be as severe 
on the cells of the basal layer as it could 
be on those of the superficial layers. 
Despite the usefulness of cell culture 
models for testing drug toxicity, our 
experimental conditions in vitro may 
not be equated directly with the situa- 
tion in vivo. 

The effectiveness of hydrogen per- 
oxide as a contact lens disinfectant re- 
mains unquestioned, but its margin of 
safety appears to be narrow indeed.’ 
Contact lens wearers will be best 
served if the long-term effects of re- 
sidual peroxide en the cornea are sub- 
jected to continued scrutiny, as well as 
to additional research on this impor- 
tant subject. 
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Decreased Penetration of 


Anchoring Fibrils Into the Diabetic Stroma 


A Morphometric Analysis 


Dimitri T. Azar, MD; Sandra J. Spurr-Michaud, MS; Ann S. Tisdale, MS; Ilene K. Gipson, PhD 


® Morphometric measurements of epi- 
thelial adhesion structures were per- 
formed on electron micrographs of cor- 
neas of diabetic patients (ages 35 to 77 
years) and controls of similar age (ages 21 
to 79 years). Penetration of the anchoring 
fibrils from the deepest layer of the basal 
lamina into the stroma was significantly 
decreased in diabetics (0.41 + 0.02 um) 
compared with controls of similar ages 
(0.65 + 0.03 um). Significant thickening 
of the basal lamina in diabetics 
(50.1 + 7.6 um?/ 100 um basal cell mem- 
brane) was noted compared with controls 
(32.0 + 6.3 um?/ 100 um), but no signifi- 
cant differences were noted in the per- 
centage of the basal cell membrane occu- 
pied by hemidesmosomes. Decreased 
penetration of the anchoring fibrils into 
the stroma may cause the loose adhesion 
between the stroma and basement mem- 
brane observed in diabetes. 

(Arch Ophthalmol. 1989; 107: 1520- 
1523) 


(Corneal complications have been re- 

ported in diabetic patients follow- 
ing vitrectomy, including neuro- 
trophic ulceration and persistent epi- 
thelial defects.! During vitrectomy, 
the corneal epithelium becomes cloudy 
and may have to be removed.’ When 
this occurs, it separates as an intact 
sheet, and the entire thickened base- 
ment membrane, characteristic of 
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diabetes, adheres to the epitheli- 
um.’**'° In contrast, when normal epi- 
thelium is removed by scraping, the 
basement membrane remains on the 
stroma.?67-11,12 

The structures involved in the adhe- 
sion of the corneal epithelium to the 
stroma include hemidesmosomes, 
basal laminae, anchoring fibrils, and 
anchoring plaques.'*!* Hemidesmo- 
somes, specialized adhesion junctions 
present along the basal cell membrane 
of basal cells of stratified squamous 
epithelia,” are involved in the adher- 
ence of basal cells to the basal lamina." 
Anchoring fibrils are fibrillar extracel- 
lular matrix structures that form a 
complex network in the anterior 
stroma immediately adjacent to the 
basement membrane.’ These fibrils 
composed of type VII collagen are at- 
tached to the basal lamina opposite the 
hemidesmosomes on the basal cell 
membrane.'*'*'§ Anchoring fibrils 
splay out from the lamina densa 
among stromal collagen fibrils ending 
in anchoring plaques ( amorphous elec- 
tron-dense structures composed of the 
globular carboxyterminal domain of 
type VII and type IV collagen).'® By 
bridging the basal lamina to the an- 
choring plaques, the anchoring fibrils 
form an extensive network that traps 
collagen fibers and other stromal ma- 
trix components and thus anchors the 
basal lamina and epithelium to under- 
lying connective tissue. 

Study of basement membrane 
changes in diabetic corneas may yield 
information regarding lack of adhe- 
sion of the epithelial basement mem- 
brane to the stroma. Therefore, we 
measured the following morphometric 
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parameters of the corneal epithelial 
adhesion structures in corneas from 
diabetic patients and controls of com- 
parable age: the cross-sectional area of 
basal lamina/unit basal cell mem- 
brane, the percentage of basal cell 
membrane occupied by hemidesmo- 
somes, and the average depth of pene- 
tration of the anchoring fibrils into the 
stroma. 


MATERIALS AND METHODS 
Tissue 


Human corneas from diabetic and nor- 
mal donors were obtained from the New 
England Eye Bank, Boston, Mass, and the 
National Disease Research Interchange, 
Philadelphia, Pa. Two groups were included 
in this study: 11 corneas from diabetic pa- 
tients (ages 35 to 77 years; mean, 54.0 years) 
and 9 corneas from normoglycemic individ- 
uals of age comparable with the diabetics 
(ages 21 to 79 years; mean, 55.7 years). 


Tissue Preparation 


The corneas were either fixed immedi- 
ately in 3.75% osmium tetroxide in 
0.2 mol/L s-collidine buffer or cultured for 
24 hours in a completely defined medium." 
As previously reported, osmium fixation or 
culture before fixation was done to optimize 
visualization of the anchoring fibrils." Cul- 
tured corneas then were fixed in 2% 
paraformaldehyde, 2.5% glutaraldehyde in 
0.1 mol/L cacodylate buffer (pH 7.4) for 1 
hour, and postfixed in 2% osmium tetroxide 
in 0.1 mol/L cacodylate buffer (pH 7.4) for 
1 hour. Following fixation, all corneas were 
processed in the same manner. After en 
bloc staining with aqueous 0.5% uranyl ac- 
etate, corneas were dehydrated in a graded 
acetone series followed by propylene oxide 
and embedded in epoxy resin (Epon-Ar- 
aldite). Thick sections (1 um) were stained 
with toluidine blue, and a suitable area 
containing columnar basal cells was chosen. 
The blocks were trimmed accordingly, thin 
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sectioned, stained with 2% uranyl acetate- 
lead citrate, and photographed using an 
electron micrescope (Philips 200 or 410). 
For each cornea, the basal cell membrane- 
basal lamina region of 10 micrographs at 


~qstandardized working magnification of 


31000 was analyzed. 


Morphometric Analysis of Basal Lamina, 
Hemidesmosemes, and Anchoring Fibrils 


Two independent measurements were 
made of the corneal epithelial adhesion 
structures in the two groups. A Zeiss video- 
plan image analysis system (Rainin Instru- 
ments, Woburn, Mass) was used for the fol- 
lowing measurements on all electron mi- 
crographs: A, or total basal cell membrane 
length; B, total cross-sectional area of the 
basal lamina; C, length of the basal cell 
membrane oceupied by hemidesmosomes; 
and D, average distance between the five 
most distal anchoring fibrils and the stro- 
mal side of the basal lamina. Using these 
measurements, three standard parameters 
of the adhesion structures were calculated: 
(1) cross-sectional area of the basal lamina/ 
100 um of basal cellamembrane (B/A X 100); 
(2) pereentage of the basal cell membrane 
occupied by hemidesmosomes (previously 
described by Alvarado et al”; C/A X 100); 
and (3).average depth of penetration of the 
anchoring fibrils into the stroma (D). 

To minimize the SE of the measure- 
ments and increase the reliability of the 
data, we obtained thick sections that 
were true cross sections and normal to 
the basement membrane by locating ar- 
eas of columnar eells; gave equal weight 
to each of 10 consecutive micrographs 
representing the specimen, conducted two 
independent measurements, and used a 
digitizer to measure all values. 


RESULTS 


In ciabetics and controls, the cor- 
neal epithelium is a stratified squa- 
mous epithelium five to seven layers 
thick. Cells of the basal layer are 
columnar. Hemidesmosomes are pre- 
sent along the basal cell plasmalemma 
adjacent to the basal lamina. As men- 
tioned above, adhesion of the diabetic 
epithelium to the stroma was defec- 
tive. An example of a diabetic epithe- 
lial sheet with attached thickened 
basal lamina removed during vitrec- 
tomy is shown in the Figure (top). In 
intact diabetic corneas, the basal 
lamina showed areas of thicken- 
ing, as previously reported (Figure, 
center). Furthermore, pockets 
of duplicated basal lamina containing 
dense bundles of anchoring fibrils were 
noted (Figure, eenter). In nondiabetic 
control comneas, thickening also was 
noted in older eyes, as previously 
reported. Anchoring fibrils extended 
from the lamina densa into the stroma 
in both diabetics and controls (Figure, 
center and bottom). The lengths of in- 
dividual anchoring fibrils could not be 
determined, because they branched 
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Top, Electron micrograph of a cross section of t 
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epithelium retains the entire thickened basement 
membrane. Pockets of cross-banded anchoring fibrils (large arrows) ere noted between the lay- 
ers of basal laminae. Electron-dense hemidesmosomes (small arrows) are noted along the basal 
cell membrane. Center, Electron micrograph of basement membrane zone of cornea from 
48-year-old diabetic patient. Anchoring fibrils (large arrows) are clumped in pockets between the 


ense hemidesmosomes (small arrows) are noted 
Double-ended arrow schematically represents the average depth 


of penetration of anchoring fibrils into the stroma in diabetic patients (0.41 um). Bottom, Electron 


micrograph of basement membrane zone of cornea from 


54-year-cid normoglycemic patient. 


Electron-dense hemidesmosomes (small arrows) are noted along the basal cell membrane. Dou- 
ble-ended arrow represents the average depth of penetration of anchoring fibrils into the stroma 
in controls (0.65 um). Note the decreased depth of penetration in the diabetic (center) compared 


with normal (bottom) patients (bar, 0.64 um). 


and curved out of the section plane." 
However, the distance between the di- 
stal part of anchoring fibrils and the 
stromal side of the basal lamina could 
be measured. 

The Table compares the morpho- 
metric values of the adhesion struc- 
tures in the corneas of diabetics and 
controls. The cross-sectional areas of 
the basal lamina in diabetics and con- 


trols are 50.1 + 7.6 and 32.0 + 6.3 
um?/100 um of basal cell membrane, 
respectively (P < .05). The percentage 
of the basal cell membrane occupied by 
hemidesmosomes is not significantly 
different in diabetics (24.8% + 1.4%) 
when compared with controls 
(24.5% + 2.6%). Penetration of the 
anchoring fibrils from the deepest 
layer of the basal lamina into the 
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Morphometric Values of Adhesion 
Structures in Corneas of Diabetic and 
Normal Patients 












Diabetics 
(n = 11) 


Controls 
(n = 9) 















Age range, y 35-77 21-79 
Mean age, y 54.0 55.7 
BL/100 um 

BCM, * mean 

+ SEM 50.1 + 7.6 32.0 + 6.3 
HD%,t 

mean + SD 24.3 + 1.4 24.5 +26 
AF, um,¢ 

mean + SD 0.41 + 0.02 065 + 0.03 





*BL/ 100 um BCM indicates area of basal lamina 
(square micrometers) / 100 um basal cell membrane. 
THD% indicates percentage of area of basal cell 
membrane occupied by hemidesmosomes. 
łAF indicates average depth of anchoring fibril 
penetration into the stroma. 


stroma measured 0.41 + 0.02 um in di- 
abetics, significantly less PERR 
than the depth of penetration found in 
controls (0.65 + 0.03 um). The Figure 
(center) illustrates the reduction in 
the average depth of penetration of the 
anchoring fibrils in a diabetic patient 
as compared with a nondiabetic con- 
trol (Figure, bottom). 


COMMENT 


The major difference in the corneal 
epithelial adhesion structures between 
diabetic patients and normoglycemic 
controls is the decreased depth of pen- 
etration of the anchoring fibrils into 
the stroma. This may be the reason di- 
abetic epithelial basal lamina displays 
defective adhesion to the stroma. Elec- 
tron microscopic and immunohis- 
tochemical studies'*'* show that an- 
choring fibrils form a network beneath 
the basal lamina that anchors the 
basal lamina to the stroma. A signifi- 
cant decrease in the depth of penetra- 
tion of this network, therefore, may be 
the key factor in explaining the loose 
adhesion between the stroma and 
basement membrane. By correlating 
the defective adhesion in diabetes with 
the morphologic abnormality of the 
anchoring fibrils, we demonstrate an 
essential role for the anchoring fibril 
network in the adhesion of the base- 
ment membrane to the stroma. 

Lack of penetration of the anchoring 
fibrils may be due to either biochemi- 
cal alterations or interference by the 
thickened multilamellated basement 
membrane. Levels of various collagens 
(types IV, V, and VII) have been re- 
ported to differ in diabetic connective 
tissue.”' Abnormal levels of type VII 
(anchoring fibril) collagen in the am- 
niotic membranes of diabetic women 
also have been reported.?! Alterations 
in the type VII collagen levels may lead 
to defective network formation by the 
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anchoring fibrils. Alternatively, the 
reduplicated basal lamina may inter- 
fere with the relationship between the 
anchoring fibrils and the stroma in di- 
abetes. In diabetes and aging, in addi- 
tion to being seen in the stroma, an- 
choring fibrils are observed within 
pockets of duplicated basal lamina 
(Figure, top and center). The coales- 
cence of pockets of anchoring fibrils 
may suggest that the duplicated basal 
laminae act as barriers for the pene- 
tration of the anchoring fibrils down 
and among the stromal collagen fibers. 
Thus, the continuity of adhesion from 
the cell through the basal lamina and 
into the connective tissue may be ab- 
rogated. 

Our data show significant thicken- 
ing of the epithelial basement mem- 
brane in diabetics compared with con- 
trols. Thickened basement membrane 
in diabetes is well known,” but the 
biochemical alterations leading to this 
abnormality are not well understood. 
Although thickening of the basement 
membrane may be seen in conditions 
other than diabetes, eg, aging,” twin 
studies demonstrate its presence in 
insulin-dependent diabetic identical 
twins compared with their normal sib- 
lings with normal basement mem- 
branes.” Biochemical alterations of 
the basal lamina in other tissues have 
been described in diabetes, including 
(1) increased levels of nonenzymatic 
glycosylation of glomerular basement 
membrane type IV collagen? and 
fibronectin” in diabetic animals; (2) 
abnormal regulation of extracellular 
matrix biosynthesis (increased levels 
of the enzymes required for glycopro- 
tein synthesis and decreases in the 
catabolic enzymes/galactosidases in 
kidneys of diabetic rats); (3) altered 
composition of basement membranes 
(increases in type IV collagen and de- 
crease in laminin and heparan sul- 
fate”); and (4) elevated serum levels of 
basement membrane components 
(type IV collagen-7S collagen and 
laminin P1) in diabetic patients.” It 
can be hypothesized that some of these 
biochemical alterations also may in- 
volve the corneal epithelial basement 
membrane and result in morphologic 
abnormalities. 

Second, the basement membrane in 
diabetes may be thickened as a by- 
product of cell renewal.!97.38 According 
to this concept, the basement mem- 
brane thickens by apposition of indi- 
vidual basal lamina layers deposited 
by sequential cell generations, imply- 
ing that the rate of corneal epithelial 
cell renewal is accelerated in diabetes, 
and that the diabetic state represents 
a form of accelerated aging. 
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Third, a defective interaction be- 
tween the corneal epithelium and the 
extracellular matrix receptors may oc- 
cur. In vitro experiments indicate that 


the basal cell membrane has areas, | 


recognized by basal cells as sites for 
hemidesmosome formation.'*"* In dia- 
betes, these sites may be altered and go 
unrecognized by the corneal epithe- 
lium.” Altered recognition of base- 
ment membrane components may in- 
duce compensatory reduplication of 
basal laminae. Similarily, Rohrbach et 
al” noted that in the diabetic glomer- 
ulus there is a decrease in the sulfated 
proteoglycan content with a “compen- 
satory” thickening of the lamina den- 
sa. 

An interesting finding is that the 
area of the basal cell membrane occu- 
pied by hemidesmosomes in diabeties 
is similar to that in controls, and the 
basal epithelial cells maintain ade- 
quate adhesion to the basal lamina. 
This is supported by the electron mi- 
croscopic finding that, in contrast to 
normal subjects, when the epithelium 
is scraped in diabetics, it separates as 
a sheet that retains the entire basal 
lamina (Figure, top), and the separa- 
tion does not occur at the hemidesmo- 
some level.** In a previous study com- 
paring average percentage of the basal 
cell membrane occupied by hemides- 
mosome density with aging, Alvarado 
et al” reported values for normal cor- 
neas with unilamellar (22% ) and mul- 
tilamellar (16%) basement mem- 
branes that were similar to our results 
in the diabetic and control groups. We 
have noted, however, that in controls 
below the age of 50 years, the percent- 
age of basal cell membrane occupied by 
hemidesmosomes is higher (35.4%; un- 
published data, 1988). The question 
then arises as to whether a critical 
value of the area of the basal cell 
membrane occupied by hemidesmo- 
somes exists, below which the adhe- 
sion between the basal cells and the 
basal lamina becomes defective. 
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Ferromagnetic Hyperthermia and Iodine 125 


Brachytherapy in the Treatment 
of Choroidal Melanoma in a Rabbit Model 


William F. Mieler, MD; Glenn J. Jaffe, MD; Richard A. Steeves, MD, PhD 


è Hyperthermia has been combined 
with conventional radiation methods to 
achieve enhanced tumor destruction. We 
combined iodine 125 seeds with ferromag- 
netic thermoseeds in a single plaque to si- 
multaneously deliver radiation and heat in 
a rabbit model of choroidal melanoma. Ini- 
tially, six ferromagnetic thermoseeds 
were placed in parallel on a 14-mm epi- 
scleral plaque. The plaques were placed 
on normal rabbit eyes and on eyes con- 
taining transvitreally implanted choroidal 
melanoma. The heating response was as- 
sessed in both normal and tumor-con- 
taining eyes. Rigid copper-constantan and 
flexible Baily thermocouples were used to 
monitor temperature responses. The ani- 
mals were subjected to an electromag- 
netic field of 100 kHz, with power of 1100 
to 1500 W. The thermoseeds autoregu- 
lated at 48.2°C. Scleral temperatures sta- 
bilized at 45.8°C + 0.4°C (SD), while tem- 
peratures at the base of the tumor stabi- 
lized at 43.6°C + 0.1°C. Ferromagnetic 
thermoseeds were then combined with io- 
dine 125 seeds. Similar temperature re- 
Sponses were recorded, and autoradio- 
graphic findings confirmed a uniform radi- 
ation distribution. Varying the amount or 
type of ferromagnetic material in the ther- 
moseeds allows the delivery of heat at vir- 
tually any temperature. Ferromagnetic hy- 
perthermia may provide a more simplified 
approach over currently available meth- 
ods of heat delivery. 
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['reatment alternatives in the man- 

agement of choroidal melanoma re- 
main quite diverse. Existing options 
include observation, enucleation,'? 
brachytherapy,!2** charged-particle 
radiation, surgical excision,” and 
photocoagulation therapy.! Hyper- 
thermia has been used as adjunct to 
brachytherapy or charged-particle ra- 
diation because of its synergistic ac- 
tion on tumor cell destruction when 
combined with radiation.'*"* The two 
most widely applied technologies for 
generating heat in ocular applications 
have used electromagnetic radiation 
(microwaves!”'’ and radiofrequency’’) 
or ultrasound.”°?3 

This report describes a new tech- 
nique of heat delivery through the use 
of autoregulating ferromagnetic ther- 
moseeds. Because these thermoseeds 
may be readily combined with conven- 
tional brachytherapy isotopes, it is 
feasible to deliver ionizing radiation 
and hyperthermia concurrently. In ad- 
dition, the self-regulating feature of 
the ferromagnetic — thermoseeds 
greatly reduces the need for intraocu- 
lar thermometry once baseline tumor 
temperature responses are docu- 
mented. Finally, the thermoseeds do 
not require direct coupling to a power 
source; thus, they can be used to treat 
a choroidal melanoma without the dis- 
comfort of attached wiring. 


MATERIALS AND METHODS 
Tumor Model 


Thirteen adult pigmented rabbits weigh- 
ing 2 to 3 kg were used in these experiments. 
In 11 animals, Greene melanomas were im- 
planted into the suprachoroidal space using 
a transvitreal approach, as previously 
described. Tumor tissue was implanted 
approximately 4 to 5 mm inferior to the op- 
tic nerve. Tumors were allowed to grow for 
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2 to 4 weeks. Lateral growth was monitored 
by indirect ophthalmoseopy, and tumor 
thickness was measured by B-scan echog- 
raphy. By the time of treatment, the tumors 
had attained a height of 2.5 to 4.5 mm and 
a diameter of 6 to 10 mm. 


Ferromagnetics and Plaque Design 


Intraocular heating was generated in 
ferromagnetic seeds that were affixed to an 
episcleral Silastic plaque. The seeds gener- 
ated heat when placed in an electromag- 
netic field. The Curie point of the seeds is 
defined as the temperature at which the 
seeds lose their ferromagnetic properties. 
The transition to a nonmagnetic state re- 
sults in a drop in temperature, thus provid- 
ing a self-regulating effect. The seeds main- 
tain themselves at a constant temperature, 
the Curie point, which is determined by the 
proportion of ferromagnetic element in the 
seed. In our system an alloy of 70.4% nickel, 
the ferromagnetic element, and 29.6% cop- 
per was coated with a thin gold plating to 
form ferromagnetic seeds that autoregu- 
lated to a Curie point of 48.2°C. Six nickel- 
copper ferromagnetic seeds, 0.9 mm in di- 
ameter, were fixed in parallel to the under- 
surface of a 14-mm Silastic plaque at 
intervals of slightly less than 2.0 mm (Fig 
1, left). The Silastic plaque was identical in 
shape to the seed-carrier insert used in the 
Collaborative Ocular Melanoma Study.” 

To produce a plaque capable of delivering 
simultaneous heating and iodine 125 (157) 
brachytherapy, nine 5] seeds, 4.5 mm long, 
0.8 mm in diameter, and containing approx- 
imately 1.2 mCi per seed, were loaded into 
the nylon tube inserts in the Silastic plaque. 
They were mounted in combination with 
the six ferromagnetic seeds (Fig 1, right). 
Preliminary experiments were conducted 
to determine the optimum seed configura- 
tion. Autoradiographs of J irradiation 
were obtained to determine shielding of '5] 
seeds by the ferromagnetic seeds. When the 
'3I seeds were placed within the carrier in- 
sert and ferromagnetic seeds were affixed to 
the plaque undersurface, significant shield- 
ing of '*I radiation occurred, resulting in an 
inhomogeneous and diminished radiation 
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Fig 1.—Left. Ferromagnetic thermoseed plaque design. Right, Combined ferromagnetic thermo- 


seed and iodine 125 (1°51) seed plaque design. 


field (Fig 2, tep). Shielding was minimized 
by affixing the I seeds and ferromagnetic 
seeds in parallel in the same plane on the 
plaque undersurface (Fig 2, bottom). 

Tosurgically plaee the Silastic plaque for 
ferromagnetic heating, animals were anes- 
thetized with 1 mL.of a 1:1 mixture of ket- 
amine hydrochloride (100 mg/mL) and xy- 
lazine hydrochloride (20 mg/mL). An infe- 
rior 180° limbal conjunctival peritomy was 
perfermed. Im tumor-containing eyes, the 
transilluminated light of a fiberoptic light 
pipe was visualized intraocularly with an 
indirect ophthalmescope and was used to 
localize thepeint on the scleral surface cor- 
responding t the tumor center. This site 
was marked, and the Silastic plaque con- 
taining ferromagnetic and '*I seeds was 
centered over this location. The plaque was 
affixed to the scleral surface with No. 5-0 
nylon sutures. In tumor-free animals, 
plaques were placed in a similar location, 
centered approximately 8 mm from the 
limbus. 


Ferremaagnetic Heating 


A water-cooled cylindrical induction coil 
was coupled to a 1500-W power source 
(Plasmaloc-2) to generate a magnetic field. 
Animals were placed within the coil with 
the axis of the ferromagnetic seeds oriented 
parallel to the magnetic field (Fig 3). Pre- 
cise alignment of the ferromagnetic seeds 
was essential to achieve maximal heating.” 
Ferromagnetic heating was performed by 
generating a-magnetic field within the coil 
using a frequency of 100 kHz and a power 
setting of W00 to 1500 W, with the thermo- 
seeds autoresulating to their preset tem- 
perature, or Curie point. 


Thermometry 


Intraoculartemperatures were measured 
continuous y with a 27-gauge rigid copper- 
constantan thermecouple. Episcleral and 
orbital temperatures were measured with 
flexible Bai_y-thermocouples. Temperatures 
were displayed digitally using a multichan- 
nel display and printout unit (Oncotherm). 
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Preliminary experiments were conducted 
to determine if thermocouples placed in the 
magnetic field underwent ferromagnetic 
heating that would cause spurious temper- 
atures. The temperature response of the 
thermocouples was assessed with the ther- 
mocouples placed in air within the mag- 
netic field. No heating of the 27-gauge rigid 
thermocouple or flexible thermocouples 
(Oncotherm) occurred with maximal mag- 
netic field strength of 1500 W. When a 
23-gauge rigid thermocouple was placed in 
the magnetic field, heating of the thermo- 
couple itself to 41°C occurred; therefore, 
these thermocouples were not used for ther- 
mometry. Thermocouples were calibrated 
daily prior to ferromagnetic heating. 

Temperatures were measured continu- 
ously on the scleral surface between the 
sclera and at multiple points along the un- 
dersurface of the plaque for the duration of 
each experiment. Simultaneous thermome- 
try of the orbital surface of the plaque was 
conducted on eight animals. Intraocular 
temperature monitoring was performed on 
four eyes containing tumors up to 4.5 mm in 
thickness and on two tumor-free eyes. To 
determine the intraocular temperature 
gradient, a 27-gauge rigid thermocouple 
was placed through the center of the Silas- 
tic plaque into the tumor and the vitreous 
cavity. The thermocouple was progressively 
withdrawn at 0.5- to 4-mm increments. 

Two animals used for intraocular ther- 
mometry were killed at the conclusion of 
the experiments. The six remaining ani- 
mals, observed weekly by indirect ophthal- 
moscopy, were killed either 1, 45, or 126 
days following ferromagnetic heating. Eyes 
were enucleated, were fixed in buffered glu- 
taraldehyde/paraformaldehyde, and were 
embedded in paraffin for light microscopy. 
Eyes were sectioned serially, and 5-um- 
thick sections at intervals of 100 um were 
prepared. 


RESULTS 
Time Course of Ferromagnetic Heating 


After the magnetic field was applied, 
there was a rapid rise in tumor tem- 
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Fig 2.—Top, Autoradiograph obtained with 
ferromagnetic thermoseeds and iodine 125 
seeds in different piane. Bottom, Autoradio- 
graph obtained with ferromagnetic thermo- 
seeds and iodine 125 seeds in same plane. 


Fig 3.—Rabbit with plaque and thermocouples 
lying inside the electromagnetic induction coil. 
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Fig 4.—Internal temperature at base of tumor 
vs time of heating with power of 1500 W. Tu- 
mor temperature stabilized at 43.6°C + 
0.1°C (SD) within 5 to 6 minutes. 
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Fig 5.—Representative thermometry in tumor- 
containing eye: temperature vs depth in eye. 
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Fig 6.—Representative thermometry in tumor- 
free eye: temperature vs depth in eye. 


perature, which corresponded well to a 
rise in the temperature of the ferro- 
magnetic seeds. The temperature at 
the base of the tumor and the scleral 
surface temperature underlying the 
plaque stabilized after approximately 
5 to 6 minutes (Fig 4). Scleral temper- 
ature and tumor temperature began to 
drop immediately after removal of the 
magnetic field and reached baseline 
after approximately 8 to 10 minutes. 
The rate of rise in temperature with 
ferromagnetic heating and subsequent 
temperature decrease following mag- 
netic field removal were similar for 
varying power levels. The final tem- 


perature attained did depend on the 
power level, however, and heating was 
maximal at a power of 1500 W. 


Temperature as a Function of Location 


Maximal temperatures were re- 
corded on the surface of the ferromag- 
netic seeds. Heating at the base of the 
tumor on the inner scleral surface av- 
eraged 43.6°C + 0.1°C (mean [of four 
experiments] +SD) and was uniform 
across the entire base as the tempera- 
ture was measured centrally, 3.5 mm 
from the edge of the plaque, and at the 
edge of the plaque. Intraocular tem- 
perature declined linearly as a func- 
tion of distance from the ferromag- 
netic seeds. The slope of this decline 
was approximately 1°C per millimeter 
in tumor-containing eyes (Fig 5). The 
temperature decrease was less rapid 
beyond 5 mm from the ferromagnetic 
seeds. The intraocular temperature 
profile in the tumor-free eye revealed a 
slightly more rapid temperature fall- 
off (Fig 6). 

There was a significant shielding ef- 
fect from the Silastic plaque. The tem- 
perature of the orbital surface of the 
plaque did not exceed 41.2°C, whereas 
the temperature of the sclera adjacent 
to the plaque undersurface stabilized 
at an average temperature of 
45.8°C + 0.4°C (mean [of eight exper- 
iments] +SD). 

In two animals, ferromagnetic seeds 
composed of an alloy of 96% nickel and 
4% silicon were substituted for the 
nickel-copper ferromagnetic seeds. 
The Curie point for these seeds is not 
as sharply defined as that of the nick- 
el-copper seeds and occurs at approxi- 
mately 53°C. The rate of scleral and 
tumor temperature rise and fall with 
these seeds was similar to that deter- 
mined when the nickel-copper seeds 
were used. The final temperature ob- 
tained with these seeds, 45.6°C at the 
base of the tumor, was higher than the 
temperature achieved with the nickel- 
copper seeds. 


125] Brachytherapy With Ferromagnetic 
Heating 


To determine whether the presence 
of '*I seeds altered the heating of the 
tumor with the copper-nickel ferro- 
magnetic seeds, heating experiments 
were conducted using plaques contain- 
ing ferromagnetic seeds with radioac- 
tive or with nonradioactive '“I seeds. 
The presence of the '*I seeds did not 
affect the heating generated by the 
ferromagnetic seeds affixed to the Si- 
lastic plaque, as similar temperature 
responses were recorded across the 
base of the plaque when the ferromag- 
netic thermoseeds were used alone. 
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Radiation dosimetry of plaques con- 
taining both nickel-eopper ferromag- 
netic seeds and '**I seeds was deter- 
mined by exposing x-ray film with the 


plaques. Autoradiographs of the ex- 


posed film provided a semiquantitative 
measure of the irradiation delivered 
by the ferromagnetic brachytherapy 
plaques (Fig 2), and when the two 
types of seeds were aligned in parallel 
and in the same plane, a uniform radi- 
ation distribution pattern was seen 
(Fig 2, bottom). In these eyes, hyper- 
thermia was administered for 60 min- 
utes at the initiation of radiation ther- 
apy. 


Clinical Observations 


Immediately after the 60 minutes of 
ferromagnetic heating, retinal whit- 
ening was present in the region di- 
rectly underlying the plaque. In most 
animals, serous subretinal fluid devel- 
oped under the area of retinal whiten- 
ing, though no vitreous hemorrhage 
was noted in any animal. 

Five heat-treated tumor-bearing 
eyes were examined weekly by indirect 
ophthalmoscopy after ferromagnetic 
heating experiments for up to 18 
weeks. The serous fluid, which had de- 
veloped immediately after heating ex- 
periments, began to resolve over the 
subsequent week and had completely 
resolved by 2 weeks. The region of ret- 
inal whitening progressed to chori- 
oretinal atrophy with foci of hyperpig- 
mentation resembling retinal pigment 
epithelial hyperplasia. In three eyes 
treated with heat alone, there was 
gradual continued tumor growth, 
while two eyes receiving heat and ‘I 
brachytherapy showed partial tumor 
regression. 


Histopathology 


The initial histopathology was di- 
rected at assessing the tolerance of the 
eyes to the external heating of the 
sclera. To evaluate the effect of heating 
the sclera to an average temperature 
of 45.8°C, eyes were enucleated 1, 45, 
and 126 days after the 60 minutes of 
ferromagnetic heating. The tissue was 
then prepared for light microscopy. 
Serial sections were obtained through 
the region of the sclera underlying the 
plaques in seven rabbits. Six of seven 
animals contained an intraocular mel- 
anoma at the time of heating, and one 
contained no tumor. Three tumor- 
bearing animals received '“I irradia- 
tion simultaneously with ferromag- 
netic heating. In each instance, the 
sclera overlying the region heated with 
ferromagnetic hyperthermia appeared 
normal (Fig 7). The retina had mild 
thinning along with pigment migra- 
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Fig 7.—Light micrescopy of a tumor-free eye obtained 126 days following ferromagnetic hyper- 
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thermia for 60 minutes. The sclera, which was directly beneath the ferromagnetic plaque (arrows), 


appears normal, while the overlying retina is mil 


tion. The tumors in the eyes receiving 
heat and radiation showed areas of tu- 
mor necrosis. 


COMMENT 


Hyperthermia as an adjunct to 
brachytherapy or charged-particle ra- 
diation may be beneficial because the 
amount of radiation delivered to the 
tumor and the eye may be lessened, 
thereby deereasing the potential for 
late-onset radiation-induced compli- 
cations. Additionally, it may be possi- 
ble to more effectively treat larger tu- 
mors with this eombined approach. 

An ideal hyperthermia system 
should allow the production of any de- 
sired temperature, with control of 
maximum temperature peak and pre- 
dictable heat deposition in the tissue to 
be treated. The system should be sim- 
ple and noninvasive. With these goals 
in mind, we have used a well-known 
animal model** with the intent of im- 
proving the treatment of choroidal 
melanoma by using a combination of 
ferromagnetic hyperthermia and 
brachytherapy. In contrast to earlier 
approaches, in which brachytherapy 
applicatorswere modified to accommo- 
date radicfrequency or microwave 
heating sources,’”'’ our approach has 
been to incerporate ferromagnetic hy- 
perthermia with standard episcleral 
brachytherapy. The major advantage 
of this new technology is that the fer- 
romagnetic seeds reach and maintain 
themselves at therapeutic tempera- 
tures in a self-regulated manner 
within an electromagnetic field. This 
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diy thinned (hematoxylin-eosin, X 198). 


approach eliminates the need for elec- 
trical connections to a power source, 
though it does require an induction coil 
for generation of the magnetic field. 

The principle of ferromagnetic heat- 
ing is according to Faraday’s law, 
where an electromotive force is in- 
duced within an object exposed to an 
oscillating magnetic field. If the object 
(ferromagnetic thermoseed) is an elec- 
trical conductor, an eddy current 
forms, thereby generating heat. The 
rate of heat production depends on the 
shape and size of the thermoseeds and 
their magnetic properties, along with 
the frequency and intensity of the 
magnetic field. Once in the magnetic 
field the ferromagnetic elements lose 
their magnetic properties at the Curie 
point, thus autoregulating to a preset 
temperature. 

While thermoseeds can have virtu- 
ally any shape, long cylinders are the 
most practical. For maximum heating, 
the cylinders should be aligned paral- 
lel to the electromagnetic field. This 
allows eddy currents to flow in concen- 
tric circles around the cylinder axes. 
Improper alignment of the seeds by 
30° would reduce the heating by ap- 
proximately 20% . The number of seeds 
and the spacing between them were 
adjusted to achieve a uniform heat 
distribution across the entire base of 
the plaque. 

A wide range of temperatures can be 
achieved by varying the admixture of 
nickel and copper or by substituting 
other elements. The Curie point of 
48.2°C used in this experiment pro- 


duced an average temperature at the 
base of the tumor (inner scleral sur- 
face) of 43.6°C, with a decrease of 1°C 
per millimeter away from the thermo- 
seeds. The steepness of the falloff de- 
pends on the rate of heat production by 
the thermoseeds as well as the struc- 
ture and vascularity of the tissue being 


treated. The temperature shown in- 


this experiment is within the range of 
temperatures believed to be most ben- 
eficial for tumor cell destruction,” 
yet was well tolerated by the overlying 
sclera (Fig 7). Uniform heating of the 
base of the tumor ir the region of the 
basal blood supply is felt to be impor- 
tant in successful thermotherapy,”’ 
and this method of 1yperthermia can 
readily deliver a stable temperature 
across the base. 

The results of this study suggest 
that ferromagnetic thermoseeds can 
be used to deliver heat to an ocular tu- 
mor via thermal conduction, in an au- 
toregulated fashion. Additionally, fer- 
romagnetic thermoseds and 125] seeds 
can readily be comdined on a single 
plaque to concurrently deliver heat 
and radiation without loss in heating 
potential or in radiation delivery. The 
plaque design is simple, requiring min- 
imal modification of 2xisting episcleral 
plaques. Patient or subject discomfort 
should be minimized as the heat is 
generated by an externally applied 
source with no need for direct wiring 
into the plaque. Wita the autoregulat- 
ing thermoseeds, ence temperature 
levels at the base of «he tumor are doc- 
umented and assuming a relatively 
constant tumor temperature response, 
the need for intraocalar thermometry 
may be minimized. Fowever, extensive 
variations in tumor size and shape 
along with variations in internal tu- 
mor structure and vascularity will cer- 
tainly alter temperature responses 
within the tumor. Future studies will 
be directed at defining the optimal 
means of combining the ferromagnetic 
hyperthermia with ~I brachytherapy 
to achieve maximal sumor destruction 
while minimizing Gamage to normal 
ocular structures. Results of such 
studies may be applied toward im- 
proved therapy for 2horoidal melano- 
mas and, perhaps, for neoplasms at 
other sites as well. 

This study was supporved in part by an unre- 
stricted grant from Research to Prevent Blind- 
ness Inc, New York, NY, and by a grant from the 
Cancer Center, Medical College of Wisconsin, 
Milwaukee. 

Ivan Brezovich, University of Alabama, Bir- 
mingham, provided the ferromagnetic seeds used 
in this study. Best Industries Inc, Springfield, Va, 
provided the '*I seeds. Bhadett Paliwal, PhD, and 
Dale Buechler, MS, provided helpful physics and 


engineering support at the University of Wiscon- 
sin, Madison. 
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Fig 2.— Tumor tissue is seen beneath the epithelium and is infiltrated © 
with chronic inflammatory cells (arrow) (hematoxylin-eosin, Original 
magnification X 160). 
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Fig 3.—Left, Spindle-shaped fibrous cells with inter + 
Plump histiocytic cells with 
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Fibrous Histiocytoma 


An Uncommon Eyelid Lesion 


A 14-year-old boy presented to the oph- 
thalmology elinic with a 4-week his- 
tery of a growth on the right upper eyelid 
(Fig 1). There had been no recent eyelid in- 
jury er infection. On examination, the 
growth was firm, nontender, and mobile, 
and did not have any tarsal connection. A 
central dimpling and crust were present. A 
differential diagnosis at this time included 
kerateacanthoma, pyogenic granuloma, 
and molluscum contagiosum. An excisional 
biopsy revealed fibrous histiocytoma. His- 
tologically, one could see a typical picture 
with inflammatory cells (Fig 2) and spindle- 
shaped fibrous cells (Fig 3, left). Areas of 
plump histiocytie cells and accumulations 
af cells suggestive of giant cell formation 
were also seen (Fig 3, right). 


COMMENT 


To the ophthalmologist, fibrous his- 
tiocytomas are known to occur within 
the erbit, and more rarely on tarsus, 
conjunctiva, episclera, and lacrimal 
sac.'2 Their presence on the eyelid is 
quite unusual.* There are many reports 
in the dermatology literature of fi- 
brous histiocytomas occurring on the 
lower extremities.‘ These growths 
tend to oceur after minor trauma, such 
as insect bites, minor nicks, and 
scrapes.’ They are generally erythe- 
matous, asymptomatic, freely mov- 
able. and range in size from a few mil- 
limeters to 1 te 2 cm. They are charac- 
teristically dome shaped and may have 
a central dimpling. Approximately 
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20% of patients have more than one 
lesion.‘ 

The histogenesis of these lesions is 
still controversial. Some physicians 
regard them as a reactive process, 
while others feel they represent benign 
neoplasm.‘ Simple excision is the 
treatment of choice; however, recur- 
rences do occur if the lesion is not 
completely excised. 


DAVID R. JORDAN, MD 
D. J. ADDISON, MD 
Ottawa, Canada 


RICHARD L. ANDERSON, MD 
Salt Lake City, Utah 
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Epicanthal Folds 


A Deep Tissue Approach 


David R. Jordan, MD, Richard L. Anderson, MD 


è Epicanthal folds are seen in infants 
and young children of all races, and they 
appear as a normal finding in Orientals of 
all ages. The formation of these folds 
seems to be related to tension from 
excessive underlying muscle in many 
cases. Surgically, a number of techniques 
have been suggested for their correction, 
but many of these techniques result in 
unsightly scars. A technique has been 
devised for the correction of epicanthal 
folds that involves an incision on the fold 
and removes muscle beneath the fold 
while attaching the skin edges to deep 
tissues in an attempt to create a crease, 
which may extend into normal creases. 
This technique has delivered good func- 
tional and cosmetic results in 9 of 10 con- 
secutive cases treated in this manner. 

(Arch Ophthalmol. 1989; 107: 1532- 
1535) 


pricanthus is defined as a semilunar 

fold of skin that runs downward at 
the side of the nose with its concavity 
directed toward the inner canthus.! It 
is seen in infants and young children of 
all races, and it is a normal occurrence 
in Orientals. In Occidentals, it gener- 
ally disappears by puberty as the 
bridge of the nose develops; however, it 
persists permanently to some degree 
in 2% to 5% of whites.! 

Duke-Elder' has divided epicanthus 
into the following four types (Fig 1): 
(1) epicanthus supraciliaris—arising 
from the region of the eyebrows and 
running toward the tear sac or the 
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nostrils; (2) epicanthus palpebralis— 
arising from the upper eyelid, above 
the tarsal region, and extending to the 
lower margin of the orbit; (3) epican- 
thus tarsalis—arising from the tarsal 
fold, and losing itself in the skin close 
to the inner canthus; and (4) epican- 
thus inversus—arising in the lower 
eyelid and running in a crescentic 
fashion upward, losing itself in the 
upper eyelid, which is relatively unaf- 
fected. 

Types 2 and 3 are the most common, 
with type 3 being the Oriental type of 
eyelid fold. Type 4 is usually seen as a 
component of the blepharophimosis 
syndrome.’ This discussion will con- 
cern itself primarily with the surgical 
management of types 1 through 3, as 
we have recently described our tech- 
nique of correcting epicanthal folds in 
blepharophimosis syndrome. 

The origin of epicanthal folds is not 
entirely clear. It has been suggested 
that the epicanthus represents an 
arrest in development. Epicanthal 
folds have been reported to be normal 
in all fetuses, as well as the adult 
Mongol.' Thus, epicanthal folds were 
suggested to be a prolongation into 
adult life of a universal fetal stage.' 
Mustardé,’ however, found no evi- 
dence of such folds in any of 20 white 
fetuses examined. The anatomical 
cause of this deformity was originally 
thought to be an excessive develop- 
ment of skin at the root of the nose, or 
an abnormally poor development of 
the bones of the skull and nose, thus 
leaving an excess of skin, which tends 
to lie in a fold.'* Since this phenome- 
non can occur with a normally devel- 
oped nose, this cannot be the entire 
explanation. In addition, excision of 
skin in the epicanthal fold area agegra- 
vates, rather than corrects, this condi- 
tion. 

Other causes suggested for this 
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Epicanthus Inversus 


Fig 1.—Four types of epicanthus (from top to 
bottom): epicanthus supraciliaris—fold arises 
near eyebrow and runs toward tear sac; 
epicanthus palpebralis—fold arises from tar- 
Sus and runs to lower orbital rim: epicanthus 
tarsalis—fold arises from tarsal eyelid fold 
and disappears in skin close to inner canthus; 
and epicanthus inversus—foid arises in lower 
eyelid and extends upward to point just above 
inner canthus. 


Epicanthal Folds—Jordan & Anderson 
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abnormality include a Z-shaped kink 

in the orbicularis muscle fibers, or an 

abnormal attachment of the medial 

levator aponeurosis.” Mustarde,° 

~¢ more recently, has noted that skin 

> “folds may be related to differential 

growth rates in various directions in 

the skin, medially to the medial can- 
thus. 

The surgical management of these 
folds is even more confusing than 
their cause and includes a multitude 
of techniques?" 

The first three forms of epicanthus 
(supraciliaris; palpebralis, and tarsal- 
is) are usually not of great clinical 
importance in an infant as they havea 
tendency to disappear as the child 
grows. Treatment, therefore, is sel- 

» dom indicated or is postponed until 
the child is older. Occasionally, epi- 
eanthal folds may interfere with the 
correction of an associated ptosis, 
since correction of the ptosis may 
make the epieanthal folds more prom- 
inent and deforming. In such cases, 
the epicanthal fold should be cor- 
rected simuitaneously. The fourth 
type of epicanthus (epicanthus inver- 


we 
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sus) is almost always associated with 
ptosis and blepharophimosis. The 
treatment of the various components 
in this syndrome has been previously 
discussed.**?"*"° 

In this report, we discuss a surgical 
technique devised by one of the 
authors (R.L.A.) to be used in the 
treatment of epicanthus tarsalis, pal- 
pebralis, and supraciliaris. Epican- 
thus tarsalis has been the most com- 
monly treated form. We do not use 
this technique in epicanthus inversus 
cases associated with blepharophimo- 
sis because of the associated anoma- 
lies and need for more extensive sur- 
gery. We prefer the five-flap tech- 
nique in association with medial can- 
thal tendon shortening or transnasal 
wiring for blepharophimosis.. We 
have not had the opportunity to use 
this technique for epicanthus supra- 
ciliaris, but assume that it would work 
equally well. Our technique for epi- 
canthal folds involves incising skin 
directly over the fold, removing excess 
orbicularis muscle underlying the 
fold, and tacking down skin to deep 
tissues to eliminate the fold. 


Fig 2.—Top left, Preoperative vi 
and poor upper eyelid crease. 
horizontal strabismus for which 
surgery following many failures. Top right, 
and extended over crest of epicanthal fold. Cente 
laris muscle is removed along eyelid crease, aS we 
ularis muscle removal beneath epicanthal fold into medial canthus. 
Center right, Skin in epicanthal fold are 
Bottom, Patient 1 year after surgery. Epicanthal folds are eliminated. 
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PATIENTS AND MATERIALS 


Patients with prominent epicanthal 
folds (supraciliaris, tarsalis, or palpebral- 
is) occurring as the only abnormality, or in 
association with ptosis, are candidates for 
this technique. Ten consecutive patients 
from one physician’s practice (R.L.A.) 
underwent this surgical technique between 
1980 and 1988. Their ages ranged from 5 to 
18 years. They were followed up postopera- 
tively for at least 3 months; six cases were 
followed up for more than 1 year. 


SURGICAL TECHNIQUE 


The following procedure can be per- 
formed with the patient under local or 
general anesthesia, depending on the indi- 
vidual’s age and preference. The following 
description is based on an individual with 
epicanthus tarsalis who had a fold of skin 
arising in the tarsal fold and extending 
‘nto the inner canthal area (Fig 2, top left). 
This boy’s parents had refused further 
strabismus surgery after several earlier 
attempts at correction had failed. A simi- 
lar surgical technique is recommended in 
the other types of epicanthal folds. 

The eyelid crease is marked out (Fig 2, 
top right). This crease line is extended 
medially over the crest of the epicanthal 
fold. Because there may be excess skin 





eS É k, t4 ie 
$ y w T | 
4 AR e~ 
~- A | 
X 54) 
wr, 4 m e 
a a JA of Rg 
r we Re hr. -Àj 
J F W ¥ 


ot 
on" _ ae D 
Ane Js ç 
ý è 


ew of patient with epicanthus tarsalis 

This patient also has vertical and 
patient's parents had refused further 
Eyelid crease is marked out 
r left, Strip of orbicu- 
Il as extensive orbic- 


a is tacked firmly to deep tissues. 


1533 


~ 


— ari 








Mo 


hanging over the eyelid crease in epican- 
thus tarsalis, it is often beneficial to 
remove a small amount of this skin over- 
hanging the eyelid crease. No skin is 
removed from over the epicanthal fold. A 
solution of 2% lidocaine hydrochloride 
with 1:100 000 epinephrine hydrochloride is 
injected under the incision sites in the 
subcutaneous plane of the upper eyelid and 
medial canthal area. 

After waiting for the vasoconstrictive 
and anesthetic effect to take place, the skin 
incision is made along the marked out 
crease line and epicanthal fold. The inci- 
sion does not go inferior to the level of the 
epicanthal fold. Cautery is carried out with 
the use of a bipolar unit. If skin is to be 
removed above the eyelid crease, it is 
removed as a strip of skin and underlying 
orbicularis muscle. The orbicularis muscle, 
which underlies the incision in the epican- 
thal fold, is then removed (Fig 2, center left). 
The orbicularis muscle often appears to be 
hypertrophic and excessive underlying the 
fold, and we believe that removing the 
excess muscle is the most important factor 
in obliterating the epicanthal fold. It is not 
uncommon to disrupt the continuity of the 
angular or infratrochlear vessels during 
the removal of orbicularis muscle in this 
area. Meticulous bipolar cautery is there- 
fore essential. 

After removal of the muscle underlying 
the fold, the next important part of the 
procedure involves tacking the skin edges 
on either side of the incision over the 
epicanthal fold to deep tissues (perioste- 
um along the side of the nose). We prefer 
the use of an absorbable suture, such as 6-0 
chromic catgut, to anchor the skin to deep 
tissues in a fashion similar to creating a 
deep upper eyelid crease in ptosis surgery 
(Fig 2, center right).The upper eyelid crease 
is closed in a skin aponeurosis fashion to 
continue the deep crease fixation. At the 
conclusion of surgery, we place an antibi- 
otic steroid ointment over the sutures. If an 
associated ptosis is present, this is cor- 
rected by aponeurotic ptosis surgery after 
the eyelid crease incision has been made 
(Fig 2, bottom). 


RESULTS 
This technique was performed on 10 


patients from 1980 through 1988, with 
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Fig 3.—Left, Patient with significant e 
Appearance at 3 months following sur 


a minimum of 1-year follow-up. Seven 
(70.0% ) of these 10 patients had an 
epicanthus tarsalis, while 3 patients 
had an epicanthus palpebralis. While 
we have not had the opportunity to use 
this technique in epicanthus supracil- 
iaris, similar results are expected. In 
four of the patients with epicanthus 
tarsalis, an associated ptosis was 
present and repaired. 

Postoperative problems were mi- 
nor. In all 10 cases, there was a tem- 
porary overcorrection of the fold with 
a crease in the medial canthus. This 
smoothed out with healing and time 
into a deep medial supratarsal sulcus 
(Figs 3 and 4). 

On close follow-up, cosmesis was 
judged by the patient and surgeon to 
be excellent in eight cases and fair in 
two. In one of these two cases, the fair 
result was due to asymmetry in the 
amount of the crease and fold on each 
side both preoperatively and postop- 
eratively. It has been suggested that 
this patient have further skin resec- 
tion performed on one side, but the 
patient has been satisfied with the 
result. The other patient looked good 
at a follow-up visit 3 weeks after sur- 
gery (Fig 5, left and center), but failed 
to return until 9 months later. At this 
time, there was some medial canthal 
scarring on the right side, while a re- 
turn of the epicanthal fold was seen on 
the left side (Fig 5, right). We hypoth- 
esize that the deep suture on this 
side had failed, allowing the fold to re- 
turn. 


COMMENT 


Epicanthal folds are not uncommon 
in infants and young children. As 
whites grow and their facial anatomy 
matures, the folds generally disap- 
pear or at least become much less 
evident. The surgical correction of 
these folds, therefore, is best done (if 
necessary) once facial development is 
complete. If an associated abnormali- 
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ty, such as blepharoptosis, is present, 
then the two abnormalities should be 
corrected simultaneously. Thus, in the 
young (age, 5 years) child who has 
ptosis and epicanthal folds, it would, 
be best to treat these conditions at the- 
same time, since the ptosis correction 
may aggravate the folds. 

Early techniques were directed at 
correcting what was thought to be 
excess skin, and involved excision of 
the fold. We now know that this 
approach almost always creates sec- 
ondary folds, and excision of skin over 
the top of the nose is not only ineffec- 
tive but results in unsightly scars.‘ 

More recently, treatment philoso- 
phy involved correcting what was 
thought to be a shortage of tissues 
and their resultant tension lines by 
creating a series of smal] Z-plasty 
skin flaps that redistribute the skin 
folds so that they lay flat. Mustardé® 
believed that the only effective way to 
remove these folds was to break up 
the tight vertical line of the fold by 
means of flap transposition, utilizing 
some of the relatively excess skin in 
the horizontal plane on the side of the 
fold itself to make up for shortness in 


-the vertical dimension. These small 


Z-plasty transposition flaps may 
result in scarring that, in some cases, 
is as noticeable as the epicanthal 
folds. 

At present, repair of epicanthal 
folds is most commonly performed by 
a variation of Z-plasties or Y-V opera- 
tions.*'*!? Epicanthus inversus can be 
repaired by a number of tech- 
niques,*'?!489 the most common of 
which involves the use of the Mus- 
tardé rectangular flaps. We have 
recently described the five-flap tech- 
nique for blepharophimosis correc- 
tion, which incorporates removal of 
the excessive muscle and fibrofatty 
tissue underlying the epicanthal 
fold.’ 

It is our belief that, in epicanthus 
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picanthus tarsalis, ptosis, and poor upper eyelid crease before surgery. Right, 
gery with elimination of epicanthal fold and formation of upper eyelid crease. 
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Fig 4.—Letft, Oriental patient with epicanthus tarsalis. Center, Same patient a 





t 1 week after surgery showing how deep 





crease is created to help eliminate fold in medial canthus. This technique is useful to make Oriental eyelid look more 
Occidental. Right, Same patient at 6-month follow-up. Formation of eyelid crease and reduction in epicanthus tarsalis has 


created more natural appearance. 






Fig 5.—Left, Preoperative view sh 
etter bilateral levator advancemen 


ows bilateral pto 
t and epicanthal fold repair; no 


} oe 
peron n e 


sis and bilateral epicanthal folds. Center, S 
te that healing was progressing satisfactorily. Right, 





ame patient at 3 weeks 


Same patient 9 months later. Some scarring is evident on right side (arrow), while epicanthal fold had returned on left 


side. 


tarsalis, palpebralis, or supraciliaris, 
there is a tack of attachment of the 
skin to deeper structures, an excess of 
orbicularis muscle and fibrofatty tis- 
sues undertying the fold, and abnor- 
mal tension forces on the skin by 
underlying orbicularis muscle. By 
incising the skin over the epicanthal 
fold, removing excessive orbicularis 
muscle in the area, and attaching skin 
to deep structures (periosteum), we 
can eliminate the epicanthal folds 
without the use of unsightly and more 
complicated transposition flaps. To 
our knowledge, this type of treatment 
kas not been previously utilized. In his 
discussion of how he corrects epican- 
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thal folds, Johnson? states that a 
small amount of excess subcutaneous 
tissue may be excised to help hollow 
the area between the canthus and 
bridge of the nose. He later states, 
however, that removal of tissue 
underlying the region improves the 
immediate postoperative appearance, 
but probably is unnecessary since this 
would improve spontaneously as the 
bridge of the nose develops. 
Conversely, we think that aggres- 
sive removal of the deep tissues 
underlying these folds, which contrib- 
ute to their formation, is the most 
important part of our technique. Our 
findings indicate that epicanthal folds 
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are caused at least in part by exces- 
sive muscle tissues and their traction 
forces on skin, rather than an excess 
or shortage of skin. Our results, which 
demonstrate that epicanthal folds can 
be managed by removal of underlying 
tissues and deep fixation of the skin, 
certainly challenges and may change 
the philosophy of epicanthal fold 
management. 
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New Instrument 
Bhatti Phas bce 


The Hanna Suction Punch Block and 
Trephine System for Penetrating Keratoplasty 


George OQ. Waring III, MD, Khalil D. Hanna, MD 


è We describe anew system for corneal 
trephination. The system for cutting donor 
buttons consists of a concave Teflon well 
in which the donor corneoscleral shell is 
secured by gentle suction. A cylindrical 
guide ensures that the disposable razor 
blade trephine is centered and is perpen- 
dicular during punching from the endothe- 
lium. The suction mechanical trephine 
used for the host has the following fea- 
tures: (1)a gun-sight alignment system for 
reliable centering, (2) a 360° limbal suction 
ring that secures the trephine to the eye 
and ensures Perpendicularity of the cut, 
(3) support surfaces on either side of the 
disposable razor blade that support the 
cornea during cutting to create near-ver- 
tical uniform wound margins, (4) rotation 
of the trephine with a manually operated 
gear system for smooth cutting, and (5) a 
Calibration device that governs the exten- 
sion of the blade and also allows cutting 
without descent of the blade. 

(Arch Ophthalmol. 1989; 107: 1536- 
1539) 


()phthalmic surgeons who perform 

penetrating keratoplasty have two 
major goals: (1) to maintain clarity of 
the graft and (2) to minimize the re- 
fractive error after surgery.'? Most 
surgeons think that a uniform, sym- 
metrical incision in the host and donor 
corneas will minimize postoperative 


Accepted for publication March 16, 1989. 

From the Department of Ophthalmology, Em- 
ory University Medica] School, Atlanta, Ga (Dr 
Waring); and the Ophthalmology Department, 
Hotel-Dieu Hospital, Paris, France (Dr Hanna). 

Reprint requests to Department of Ophthal- 
mology, Emory University, 1327 Clifton Rd NE, 
Atlanta, GA 30322 (Dr Hanna). 


1536 


astigmatism once the sutures are 
removed*’; many have designed Sys- 
tems of trephination to achieve this 
uniformity.*!5 

We describe herein the design and 
use of the Hanna suction donor punch 
block system*"' and host trephine. We 
have used the system regularly at the 
Hotel-Dieu Hospital, Paris, France, 
since 1983 and at Emory University, 
Atlanta, Ga, since 1985. To our knowl- 
edge, there have not been any pub- 
lished clinical prospective series that 
directly compare the results of differ- 
ent trephine systems. We have done no 
such clinical comparisons using the 
Hanna system. However, when van Rij 
and Waring compared five different 
trephines by using 12 different tech- 
niques in pressure-controlled human 
donor eyes, they found that the Hanna 
trephine was able to create a very uni- 
form penetrating keratoplasty wound. 
Similar findings have been reported by 
T. Rousell, MD, and colleagues (oral 
communication, September 1988). 


RAZOR BLADE KNIFE 


The circular trephine razor blades have a 
smooth cutting edge without a notch and 
three wings that extend out of the base. The 
wings insert into three notches in the end of 
the donor punch and the host trephine, 
where they are held in place by a retaining 
ring. Trephine blades are made in 0.25- 
mm-diameter intervals between 7 and 
9mm and in 0.5-mm-diameter intervals be- 
tween 9 and 11 mm. 


DONOR SUCTION PUNCH 
Structure of Punch System 


The donor punch System consists of a 
10-cm-square, white, Teflon base supporting 
an elevated platform that contains a dis- 
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posable concave Teflon well, which is sur- 
rounded by a 32-mm-diameter, threaded, 
steel retaining ring (Fig 1). The central 
portion of the well is 11 mm in diameter and 
has a single radius of curvature of 8.20 mm; 
these measurements are the same as that of 
the central obturator-reference surface in 


Fig 1.—Hanna donor suction punch consists of 
three components: (A) Supporting base is at- 
tached to polyethylene tubing and syringe. Tef- 
lon well has radius of 8.20 mm. (B) Alignment 
cylinder assures central, vertical position of 
blade. (C) Disposable razor blade (arrow) tre- 
phine is mounted on end of cylindrical handle 
that fits inside alignment cylinder for proper 
orientation. 
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the host trephine. The central 6 mm is 
fenestrated with full-thickness holes. The 
cavity ia the base of the retaining ring be- 
hind the Teflon well is hollow and is sealed 
off by rubber “O” rings to create an airtight 


wachamber. Suction applied with the syringe 


is transmitted through polyethylene tub- 
ing, a 19-gauge cannula attached to the base 
chamber, and the fenestrations in the 
punch block, so that the donor cornea is 
held firmly on the surface and does not slip 
during trephination. 

A steel cylindrical guide is screwed onto 
the threaded retaining ring. The cylindrical 
blade helder fits flush inside the cylindrical 
guide (Fig 1). 


Use of Punch System 


The surgeon places the donor corneo- 
scleral shell with the epithelial side down 
and centers it over the suction holes. The 
cylindrical guide is screwed onto the retain- 
ing ring. The surgeon applies suction with 
the syringe and lowers the cylindrical blade 
holder into the cylindrical guide so the 
blade rests on the endothelial surface. The 
two long, concentric cylinders ensure that 
the blade is centered perpendicularly over 
the well. The surgeon pushes the blade 
holder down briskly to cut the cornea. Suc- 
tion remains to keep the button in place as 
the blade is removed, often carrying the 
peripheral donor rim with it. 


HOST SUCTION TREPHINE 
Structure of Host Trephine 


The trephine has the shape of a truncated 
cone, 35 mm in diameter at the wide end, 
15.5 mm in diameter at the narrow end, and 
32 mm tall. It weighs 59 g. This is approx- 
imately the size of a Goldman three-mirror 
contact lens. The trephine consists of two 
separate parts: (1) the mechanical trephine 
and (2) the suction housing (Figs 2 and 3). 

It has the following three unique fea- 
tures: (1) a limbal conjunctival suction ring; 
(2) a rotating mechanism, driven manually 
with gears, that can be set to cut a specified 
depth and that can rotate without descent, 
and (39 an obturator-reference surface on 
beth sides of the blade that supports the 
cornea during cutting and prevents it from 
protruding into the trephine. 

Suction Ring.—The conical suction ring is 
similar in principle to the Barraquer suc- 
tion ring used for keratomileusis." The 
diameter of the outer wall is 15.5 mm, the 
inner wall diameter is 11.0 mm, and the 
area between is 82 mm’. The space between 
the two walls connects to a suction cannula 
that protrudes from the side of the tre- 
pnine, to which the polyethylene tubing and 
syringe are attached. The surface between 
the two edges of the suction space holds a 
removable-fenestrated ring that prevents 
the limbal selera from being sucked up into 
the space between the two walls. The use of 
this ring increases the intraocular pressure 
by approximately 4 mm Hg (Jean-Marie 
Parel, Ing ETS-G, and K.D.H., unpublished 
data from measurement made in vitro, 
April 1988). 

Blade-Gear Mechanism.—The blade is ro- 
tated through a series of gears within the 
wall of the trephine by turning a knurled 
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Gear Mechanism 
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Fig 2.—Drawing of Hanna suction trephine. Suction ring designates limbal conjunctival suction that 
fits inside scleral support ring and is activated by syringe. Corneal support surface designates in- 
ner and outer reference surfaces (with central radius of 8.20 mm) that hold cornea in a fixed po- 
sition during trephining. Razor blade designates disposable trephine blade that is turned by gear 
mechanism activated by turning knurled knob (at top right). Gun-sight aligament mechanism for 


centering trephine is not illustrated. | 





Fig 3.—Components of Hanna suction trephine include outer conical suction ring with attached 
polyethylene tubing and syringe (left) and trephine mechanism that centains knob and gears for 
turning blade (right), and depth setting ring that allows preselection of amount of descent of blade. 
When blade reaches preset depth, it continues to rotate without descent. 


of the blade and easy setting of the depth 
gauge. When the knurled knob is released 
from this locked position, it is rotated to 
turn the gears and the blade. Four turns of 
the knob produce one complete turn of the 


knob that extends obliquely from the upper 
surface. When the gear knob is pulled 
upward and seated in its retracted position, 
the plate that holds the blade is immobi- 
lized, allowing easy insertion and removal 
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trephine blade, which descends 0.35 mm for 
every 360° rotation. Thus, it takes approx- 
imately eight turns of the knurled knob to 
cut completely through a cornea, depending 
on its thickness. 

The surgeon rotates the blade to the fully 
retracted position and then sets the depth 
to which the blade will cut by using a small, 
circular wrench to rotate the depth ring 
that is calibrated in 0,05-mm increments. 
Because the razor blade displaces some 
stromal tissue during cutting, the depth of 
the incision does not correspond exactly to 
the set length of the blade. This problem is 
overcome in part by a mechanism that 
allows the blade to extend to its preset 
depth and then to continue to turn without 
further descent, cutting the displaced tissue 
and creating a more uniformly deep inci- 
sion. 

Obturator-Reference Surface.—The as- 
sembled suction ring-trephine has two sur- 
faces that support the cornea during cut- 
ting: (1) a fenestrated obturator inside the 
trephine blade and (2) a circular reference 
surface outside the trephine blade. This ar- 
rangement stabilizes the entire corneal sur- 
face along a preset radius of curvature dur- 
ing cutting. This radius of curvature begins 
at 8.2 mm centrally and flattens slightly 
peripherally, as an approximation of Lot- 
mar’s equation,'* so that the shape of the 
entire reference surface is similar to that of 
the corneal surface itself. The mathemati- 
cal determination of the shape of the sup- 
port surfaces is beyond the scope of this ar- 
ticle. 

Gun-Sight Alignment.—To ensure that the 
trephine is centered over the desired por- 
tion of the cornea, the central obturator 
surface inside the blade is fitted with a 
round gun-sight hole. 


Use of the Host Trephine 


Preparation of the Globe.—The surgeon 
marks the center of the host trephine open- 
ing with a surgical pen, aligns the trephine 
over the cornea, grasps a horizontal rectus 
muscle and moves the globe into position, 
presses the trephine onto the surface, and 
asks an assistant to pull on the syringe to 
create gentle suction. In patients with small 
palpebral fissures and deeply recessed eyes, 
a silk suture placed beneath the superior 
and inferior rectus muscles allows the sur- 
geon to expose and position the globe for 
easier application of the trephine. If a 
scleral ring is used, the diameter must be at 
least 18 mm, to accommodate the outer di- 
ameter of the suction ring, which is 15.5 
mm, leaving room for the scleral sutures. 
The edge of a drape, redundant conjunctiva, 
or a scleral ring suture can prevent good 
suction. 

To ensure that there is firm suction, the 
surgeon gently moves the trephine and the 
globe together. 

Making the Incision.—The surgeon can 
make a nonperforating incision into the 
cornea by presetting the blade shallowly or 
can enter the anterior chamber by setting it 
deeper and observing the small gush of 
aqueous humor that occurs when Desce- 
met’s memberane is cut. At the moment of 
entry into the anterior chamber, the sur- 
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geon stops turning the blade, and the assis- 
tant releases the suction, allowing removal 
of the trephine from the globe. The incision 
extends through Descemet’s mem brane for 
approximately 90° to 180°, with the remain- 
der reaching very deep stroma and the host 
button removed as usual. We prefer to use 
a diamond-bladed knife to cut the remain- 
ing tissue evenly in the depth of the wound: 
scissors can also be used. We have observed 
no injury to the iris or the lens, because the 
anterior chamber remains formed during 
trephination since the cornea is supported 
against the reference surfaces. However, in 
eyes in which there are anterior iris adhe- 
sions, only a partial-depth incision should 
be made. 


MAINTENANCE AND STERILIZATION 


The punch block and trephine can be 
cleaned with ultrasound and steam auto- 
claved. We irrigate the suction pathway of 
the trephine with distilled water so it is not 
obstructed by debris. 


COMMENT 


The design of corneal trephine sys- 
tems seeks the following common 
goals: (1) accurate centering of the 
trephine around a reference mark; (2) 
adaptability to donor and host corneas 
of different shapes; (3) ability to select 
the depth of cut during trephination of 
the host cornea; (4) uniform support 
over the surface of the cornea during 
cutting; (5) stability of the trephine 
and absence of distortion of the tissue 
during cutting; (6) visualization of the 
blade as it cuts the tissue; (7) a circu- 
lar, uniformly shaped wound for 360°: 
(8) vertical edges on the donor button 
and host opening with avoidance of 
undercutting of the host opening; (9) 
avoidance of damage to the donor en- 
dothelium; (10) avoidance of damage to 
intraocular structures during trephi- 
nation; (11) ease of use; and (12) cost- 
effectiveness. The Hanna suction 
punch block and trephine system is 
designed to achieve these goals. 

Some design features and functions 
of the punch block could be improved. 
Four orthogonal-marking grooves or 
ridges on the surface of the well could 
be coated with methylene blue to mark 
the 3-, 6-, 9-, and 12-0’clock suture 
positions, enhancing exact placement 
of the cardinal sutures. A 10-mm- 
diameter black ring etched in the 
punch block would help to center the 
cornea. 

The use of a second, flatter, more pe- 
ripheral curve in the punch block may 
give better support to the limbus and 
sclera, as in the blocks described by 
Tanne” and Lieberman," but we found 
that the current single curve works 
well. 

A comparative discussion of differ- 
ent trephine systems is beyond the 
scope of this article. However, we will 
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Fig 4.— Shadow photograph of corneal button 
with Hanna suction trephine. At top, Frontal 
view of Descemet side of button. Trephine di- 
ameter was 7.798 mm. At bottom, Button was 
measured in four meridians, showing near-ver- 
tical edges with average diametrical disparity 
of 195 + 42 um at Descemet’s membrane, 
92 + 35umat midstroma, and67 + 36 um at 
Bowman's layer. Variation in angle of side of 
button was —3 + 3°. Shadow photogrammet- 
ric apparatus’ precision was + 23 um for dia- 
metrical and + 1° for angular measurements. 


mention here some systems that have 
used fixation rings to hold the trephine 
perpendicular to the cornea. 

Both Barraquer? in 1972 and 
Lieberman” in 1976 described single- 
point-cutting trephine systems that 
used limbal suction to secure them to 
the globe but without an inner obtura- 
tor or outer support surface for the 
cornea. Crock et al" in 1978 described 
a single-point trephine for cutting 
both donor and host corneas, with a 
rotating glass obturator to support the 
cornea inside the blade, a metal sup- 
port outside the blade, and a friction 
plate for limbal fixation. An early 
model of the Hanna system? that was 
developed in the late 1970s and re- 
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ported in 1981 used limbal suction, a | 


fixed glass obturator, and a metal 
outer corneal support ring; the glass 
obturator was abandoned’ because 
poor visibility of the cornea led to cen- 


+ “tering problems. The current fixed fe- 


A 


-4 
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nestrated obturator allows good cen- 
tering of the trephine, good support of 
the cornea, and good visualization of 
the blade as it cuts. In 1980, Hessburg 
and Barron’ described a disposable 
circular trephine with suction fixation 
to the cornea, but with no obturator or 
outer corneal support surface. 

In 1988, Krumeich and colleagues” 
described 2 sophisticated modification 
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of the original Barraquer limbal suc- 
tion instrument, the guided trephine 
system, which uses a circular blade 
and a fixed glass obturator without a 
support surface for the outer cornea to 
cut the donor cornea on an artificial 
anterior chamber and to cut the host 
cornea. 

Three approaches are available to 
evaluate a trephine system. The first is 
to determine whether design and en- 
gineering achieve the stated goals. The 
second is to test it in the laboratory 
with measurement of the configura- 
tion of the wounds (Fig 4). These two 
steps have been completed for the 
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Hanna trephine?" The third is to 
carry out a prospective randomized 
clinical trial of different trephines by 
the same surgeon, by using the same 
suturing techniques to compare the 
final results; to our knowledge, this 
type of study has not yet been pub- 
lished. 


Dr Hanna has a preprietary interest in the in- 
strument described in this article. For more 
information, contact Dr Hanna through the De- 
partment of Ophthalmology, Emory Eye Cente: . 
1327 Clifton Rd NE, Atlanta, GA 30322. 

We acknowledge Jean-Marie Parel, Ing ETS-G, 
and D. B. Denham, MS, for providing Fig 4. 


15. Tanne E. A new donor cutting block for 
penetrating keratoplasty. Ophthalmic Surg. 1981, 
12:371-372. 

16. van Rij G, Waring GO. Configuration of 
corneal trephine opening using five different tre- 
phines in human donor eyes. Arch Ophthalmol. 
1988;106:1228-1233. 

17. Barraquer J. Long-term results of myopic 
keratomileusis. Arck Sec Am Ophthal Optom 
1982;17:137-141. 

18. Lotmar W. Theoretical eye model with as- 
pherics. J Optical Soc Am. 1971;61:1522-1529. 

19. Crock GW, Pericic L, Chapman-Smith JS, 
Rajendran B, Maclean H, Cringeour J. A new sys- 
tem of microsurgery ‘or human and experimental 
corneal grafting, I: the contact lens corneal cutter, 
stereotaxic eye holder, donor dise chuck, and 
frame. Br J Ophthalmol. 1978;62:74-80. 

20. Krumeich J, Binder PS, Knulle A. The the- 
oretical effect of trepnine tilt on postkeratoplasty 
astigmatism. CLAO J. 1988;4:213-219. 


1539 


> he A oe 


The VOLK 78D BIOe Lens 
has valuable features that 
make it something special! 


High magnification into the lens retaining ring for improved 


Simply insert the Volk Lid Lens Adapter 


f j j lid control and lens stability. 
' Optimum field of view 


' Excellent working distance 
Available in Clear and Volk Yellow retina protector glass 


MOLK 78D Lid Lens Adapter minimizes lid movement 
and provides instant fundus viewing and lens Stability 


Exclusive 


Manufacturer VOLK OPTICAL / 7893 ENTERPRISE DRIVE, MENTOR, OHIO 44060 / (216) 942-6161 
MADE IN THE UNITED STATES OF AMERICA 
















Sixth Annual 
Winter Glaucoma 
posium and Practice 


Management Seminar 


February 18-20, 1990 
Hyatt Regency, Grand Cayman, 
British West Indies 


Attend the Sixth Annual Winter Glaucoma Symposium and learn 
the latest developments in glaucoma therapy, earm CME credits and 
pick up essential practice management skills while enjoying the 
sun drenched fun of the Cayman Islands. 

Two half-day sessions will include the following: medical therapy 
of glaucoma, including the role of new drugs; mechanism of optic 
Í nerve damage in glaucoma; indications for therapy; and surgical 
' techniques. Patient management sessions will be included with case 
histories and panel discussions. 

A third half-day session presents practice management for 
ophthalmology, presented by Robert Hirsh and Marian Metzger, 
nationally-acclaimed business consultants. Both consultants will be 
available for private, personalized guidance and information. 






Distinguished Panel of Experts: 

Allan Kolker, M.D., Washington University 
Irvin Pollack, M.D., Johns Hopkins University 
Jacob Wilensky, M.D., University of Illinois. 
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Moderator: Alan Robin, M.D., Johns Hopkins University. 


Guest Speaker: Donald Minckler, M.D., Professor and Director, 
Glaucoma Service, Doheny Eye Institute, 
University of Southern California 






Fee: $450 
CME Credit: 12 hours Category | through the University of Illinois. 


Sponsored by IOLAB Pharmaceuticals 

To register, or for more information, contact Mr David Townsend, 
Associates in Medical Marketing Company, Inc., 9 Pheasant Run Road, 
Newtown, PA 18940, (215) 860-9600. 


Enrollment is limited to 100. 
Be sure to register today to reserve your place. 
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Travel Information/ Reservations: 
Barbara Sotire, Rosenbluth Travel, 2110 Route 70 East, 


Cherry Hill, NJ 08005. (609) 424-0367. 
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Plastic Surgery 


Plastic Surgery 
Workshop 


March 2-3, 1990 


CURRICULUM: This course will cover major topics in 
opthalmic plastic surgery and will be informally taught by 
lecture and live surgery. They include: orbital and lacrimal 
surgery; blepharoplasty; ptosis surgery; ectropion and 
entropion correction; cryosurgery; enucleation and socket 
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NEVADA 


Contact Lens Assn of Ophthalmologists (CLAO) 
Ann Mtg At: Las Vegas Dates: 1/10/90 to 
1/13/90 Contact: Mtgs Registrar, CLAO, 523 
Decatur St, Suite 1, New Orleans, LA 70130- 
1027; (504) 581-4000, ext 300 


NEW YORK 


New York Soc for Clinical Ophthalmol Fall Mtg At: 
New York Date: 11/8/89 Contact: Francine 
Leinhardt, Course Coord, Manhattan Eye, Ear 
& Throat Hosp, 210 E 64 St, New York, NY 
10021; (212) 838-9200, ext 2776 


Cornea & External Disease 1990: A Preview At: 
New York Dates: 12/1/89 to 12/2/89 Hrs Instr: 
12 Reg Fee: $250, Residents and Fellows, $75 
Contact: Sylvia Sorrentino, ICME, The New 
York Eye & Ear Infirmary, 310 E 14th St, New 
York, NY 10003 (212) 598-1430 


Oculoplastic Workshop At: New York Date: 12/ 
9/89 Contact: Francine Leinhardt, Course Co- 
ord, Manhattan Eye, Ear & Throat Hosp, 210 E 
64 St, New York, NY 10021; (212) 838-9200, ext 
2776 


6th Ann Live Ophthalmic Plastic Surg Workshop 
At: New York Dates: 3/2/90 to 3/3/90 Contact: 
Francine Leinhardt, Course Coord, Manhattan 
Eye, Ear & Throat Hosp, 210 E 64th St, New 
York, NY 10021; (212) 838-9200, ext 2776 


NORTH CAROLINA 


The Univ of NC Ophthalmol Residents’ Day At: 
Chapel Hill Date: 12/2/89 Contact: Christine C. 
Cotton, Dept of Ophthalmol, CB #7040, 617 Clin 
Sci Bldg, Univ of NC, Chapel Hill, NC 27599- 
7040 


OREGON 


Ann Refractive Surg Sem and Dem Session At: 
Portland Date: 10/28/89 Contact: L. F. Rich, 
MD, Prgm Coord, Internat] Soc of Refractive 
Keratoplasty, Oregon Health Sci Univ, 3181 SW 
Sam Jackson Park Rd, L-467, Portland, OR 
97201 


PENNSYLVANIA 


The Advanced Vitrectomy Course: Vitreous Sub- 
stitutes, Drugs & Techniques At: Ph iladelphia 
Dates: 10/20/89 to 10/21/89 Hrs Instr: 14 Con- 
tact: Wills Eye Hospital, Dept of CME, 9th & 
Walnut Streets, Philadelphia, PA 19107; (215) 
928-3378 


FOREIGN 


Internati Cornea & External Ocular Disease Up- 
date At: Toronto Dates: 12/1/89 to 12/2/89 
Contact: CME, Faculty of Med, Univ of Toron- 
to, Med Sci Bldg, Toronto, Ontario, Canada M5S 
1A8; (416) 978-2718 


Ophthalmol Update ’89 At: Sł Martin, Dutch An- 
tilles Dates: 12/16/89 to 12/26/89 Sponsor: 
Manhattan Eye, Ear & Throat Hosp Contact: 
Francine Leinhardt, Course Coord, Manhattan 
Eye, Ear & Throat Hosp, 210 E 64th St, New 
York, NY 10021; (212) 838-9200, ext 2776 


48th All India Ophthalmological Conf At: Ahmed- 
abad, India Dates: 1/5/90 to 1/8/90 Contact: J. 
Agarwal, Gen Secy, All India Ophthalmol Soe, 
Dr Agarwal’s Eye Inst, 13 Cathedral Rd, Ma- 


dras 600 086, India 
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RHEM ON @ 


Ith Annual 


Royal Hawaiian Eye Meeting 
January 20 - 27, 1990 


REGISTER for the largest public eye meeting in the country! This year's program includes: 

* Ophthalmic Marketing Management, Andrew J. Morley, Jr., M.D. & Stephen 
W. Brown, Ph.D. 

* Ophthalmic Pathology for the Clinician, David J. Apple, M.D. 

* Personal Lifestyle Management, Stephen N. Hull, M.D. 

* Perplexing Inflammatory Disease, C. Stephen Foster, M.D. 

* Medicare Rates, Fraud & Abuse, Robert F. Fenzl, M.D. 

* New Techniques, Instruments, Devices, John D. Hunkeler M.D. 

* Expanding Your Ophthalmic Surgical Horizons, Gerald E. Meltzer, M.D. 

* Cataract & Refractive Surgery Update, Richard H. Keates. M.D. 

* Outpatient Surgery in Any Setting, Albert C. Neumann. MD 

PLUS 

° Allied Personnel Program, Donald Ham, M.D. & Theresa Ham, R.N. 

* Administrative Personnel Program, Bill Borover 


ALSO FEATURING Optional workshops, labs, and a special program for spouses, And 
don't miss our popular poolside Banyan Tree sessions! 

COME AND JOIN US at the beautiful Hyatt Regency on Kaanapali Beach, Maui. 
From the heights of Haleakala volcano to the breathtaking white sand beaches, Maui is a 
wonderland with golf, water activities and much more 


REGISTER NOW! 


A HAWAIIAN EYE 
FOUNDATION 


John M. Corboy, M.D. 


Meeting Director 


RHEM "90 

c/o Mary Charles & Associates 
2334 S. King Street, Suite 205 
Honolulu, Hawaii 96826 
508/942-9655 





To receive your Registration Kit, contact: 
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By A Margin 
Of3 tol 


No One Sells More 
Than Lombart... 
No One. 


Because There Is 
A Difference. 
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LOMBART 


INS T 0 U AE Re 








SOUTHWEST REGION WESTERN REGION NORTHEAST REGION MAIN OFFICE 
LOMBART INSTRUMENT SOUTHWEST LOMBART INSTRUMENT WEST LOMBART INSTRUMENT NORTHEAST LOMBART INSTRUMENT COMPANY 
01 Avenue K «Plano, Texas 75074 8676 Commerce Ave. * San Diego, CA 92121 P.O. Box 1722+ Rutherford, NJ 07070 33355 Croft St. * Norfolk, VA 23513 
(214) 887-8303 Fax (214) 423-6847 (619) 578-2020 + Fax (619) 578-8369 (201) 387-0764 + Fax (804) 855-1232 '8043353-8888 «Fax (804) 855-1232 
800-443-0120 800-537-2020 800-223-3937 800-446-8092 





OFFICES COAST TO COAST 





Classified Advertising 


All classified advertising orders, correspondence and payments should be directed to: Archives of Ophthalmology, P.O. Box 1510, 
Clearwater, Florida 34617. Our telephone numbers are: National 800-237-9851; in Florida 800-553-8288; Local 813-443-7666. Please do 
not send classified ads, payments or related correspondence to the AMA headquarters in Chicago. This causes needless delay. 


Inquiries about “BOX NUMBER" advertisements: All replies must be in writing and must cite the box number in the ad. Example: 
, C/o AOP, P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their 
mail sent in care of Archives of Ophthalmology. 


Box 











CLASSIFIED 
INFORMATION 


Regular Classified 1 Time 3 Times 

or more” 
Cost per word $ .95 $ .85 
Minimum 20 words. per issue 


“In order to earn the three-time rate, your ad must be placed 
and prepaid at the same time for three or more issues. 


Counting Words: Two initials are considered 
one word, each abbreviation is considered 
one word, and figures consisting of a dollar 
sign and five numerals or less are considered 
one word. Cities and states consisting of two 
words or more are counted as one word: i.e., 
“New York" and “Salt Lake City.” Zip code is 
considered one word and must appear in all 
ads. Telephone number with area code is 
considered one word. When box numbers are 


used for replies, the words “Box ,c/O 
AOP" are to be counted as three words. 

Classified Display 1 Time 3Times 
Full page $630 $580 
Two-thirds page 539 496 
One-half page 476 438 
One-third page 378 348 
One-sixth page 252 232 


Column inch 55 50 


Minimum display ad: one column inch 
12-time rate available on request. 


Display Production Charge: The publication 
will pub-set advertisements upon request. 
The typesetting fee is 10% of the one-time ad 
cost shown above. Special requests will be 
billed to the advertiser and/or agency at the 
then prevailing rates. 


Box Service 


Available for all ads. The cost is $10.00 for the 
first issue only. Responses to your ad will be 
consolidated in our office and promptly 
mailed directly to you. 


Closing Date 


The 25th of the second month prior to issue 
date. Example: The November issue closes 
September 25th. No ads can be cancelled 
after the closing date. 


Send all copy, correspondence, production 
materials and payments to: 


archives of 
Ophthalmology 
Classified Department 


P.O. Box 1510, Clearwater, Florida 34617 


For assistance with your ad schedule call toll free: 


National 800-237-9851 
Florida 800-553-8288 0 Local 813-443-7666 
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Professional Opportunities 


PEDIATRIC OR GENERAL Ophthalmologist—East 


Coast: Enchanting New England coastline com- 
munity. Dynamic, caring practice seeks pediatric 
ophthalmologist, or general ophthalmologist with 
strong interest in children, to assume established 
pediatric ophthalmology position. Further interest 
in opthalmic plastics also desirable. Contact: Katie 
Murphy, (508) 746-8600, 177 Sandwich Street, 
Plymouth, MA 02360. 


MAINE — General ophthalmologist. Excellent 


opportunity to establish a new practice to serve a 
county-wide area. Affiliate with modern, 70-bed, 
community hospital with medical staff of over thirty 
physicians. Twenty-four hour, physician staffed ER. 
Competitive guarantee plus benefits, office space, 
moving expenses and equipment allowance. Live in 
pleasant college community close to Maine's two 
major ski resorts. Enjoy sports, whitewater rafting to 
ice fishing, in nearby rivers and lakes in one of 
Maine's most scenic areas. Send CV to: New 
England Health Search, 63 Forest Avenue, Orono, 
ME 04473. Or call: (207) 866-5680 or (207) 866-5685. 


OPHTHALMOLOGIST — Multi-specialty clinic in 
Seattle seeking BC/BE vitreo retinal surgeon to join 
a large ophthalmic practice. If interested, please 
send CV and list of references to: Dr. George C. 
Pugsley, 1100 Ninth Avenue, Seattle, WA 98101. 
FAX # (206) 223-6947. 


KANSAS CITY — Subspecialist, especially retina/ 
vitreous or pediatric/strabismus. Full- or part-time. 
To join three BC ophthalmologists and establish 
second subspecialty department. Ultra-modern, 
state-of-the-art office with adjoining medical center. 
Ethical, stimulating, growing surgical-orientated 
practice. Attractive offer — guaranteed salary, pro- 
duction incentive, fringe benefits and opportunity 
for partnership. Excellent environment to raise a 
family. Send CV: John C. Hagan III, MD, Midwest 
Eye Institute of Kansas City, Inc., 2700 Hospital 
Drive, North Kansas City, MO 64116. 


OPTHALMOLOGIST: Personable and of highest 
integrity sought for a long established, prestigious 
practice in San Diego. Please send CV to: Anderson 
Eye Institute, 3939 Third Avenue, San Diego, CA 
92103. 


OFFERING: A REWARDING life experience. Tem- 
porary replacement needed for Dr. Ralph Shannon, 
missionary opthalmologist at Good Shepherd Hos- 
pital in Zaire (old Belgium Congo) near Kananga, 
between July 1989 and June 1990. Expenses tax- 
deductible through Medica! Benevolence Founda- 
tion. If interested, please contact: Clarence Durham, 
Medical Benevolence Foundation, 320 Highway 190 
West, Woodville, TX 75979-9717; (490) 283-3773 or 
Jerre M. Freeman, MD, 6485 Poplar Avenue, 
Memphis, TN 38119. (901) 767-3937. 


SOUTHERN CALIFORNIA — Ophthalmologists. 
CIGNA Healthplans invites you to join our innova- 
tive and dynamic managed health care team. Our 
multi-disciplinary HMO practice provides a suppor- 
tive work environment at 31 locations. You will enjoy 
a collegial environment, a wealth of cultural and 
recreational activities, access to major academic 
centers and an excellent compensation package. 
Call collect: (818) 500-6570. Or send CV to: Robert 
Harrington, MD, Professional Recruitment, CIGNA 
Healthplans of California, 505 North Brand Boule- 
vard, Suite 400-33, Glendale, CA 91203. 


PLEASE NOTE— Address replies to box number 
ads as follows: Box number, , C/o AOP, 
P.O. Box 1510, Clearwater, FL 34617. 








Professional Opportunities 


GLAUCOMA SPECIALIST. Ochsner Clinic seeks 
excellent subspecialty-trained ophthalmologist to 
assume an established glaucoma practice with affil- 
iated residency program. Starting salary commen- 
surate with experience, productivity bonus, gener- 
ous fringe benefits. Send CV to: Richard Hesse, MD, 
Chairman, Department of Ophthalmology, Ochsner 
Clinic, 1514 Jefferson Highway, New Orleans, LA 
70121. 


OPHTHALMOGIST — Very busy general surgical/ 
medical ophthalmology practice needs additional 
associate. Tremendous financial opportunity in a 
beautiful community between Chicago and Mil- 
waukee on Lake Michigan. Skills in medical and/or 
surgical retina could expand practice, but are not 
required. Send CV to: Robert H. Lehner, Jr., MD, Eye 
Clinic of Racine, Ltd., 3805 Spring Street, P.O. Box 
1677, Racine, WI 53401. (414) 637-9615. 


GREAT PRACTICE — General ophthalmology in 
scenic southern Utah. Call: Aftco Associates, (303) 
759-0100. 1777 South Harrison Street, Suite 508, 
Denver, CO 80200. 


EXCELLENT OPPORTUNITY to join a busy oph- 
thalmology practice in San Antonio, Texas. Medical 
ophthalmologist preferred; will consider general 
ophthalmologist or fellowship trained subspecialty. 
Send complete CV. Reply: Box 602, c/o AOP. 


LSU 
EYE CENTER 


Has an opening for a 


PEDIATRIC 
OPHTHALMOLOGIST 


Applicant must be board- 
certified and have had 
fellowship in pediatric 
ophthalmology. Interest or 
training in neuro- 
ophthalmology desirable. 


Interested applicants send 
Curriculum vitae and 
bibliography to: 


Herbert E. Kaufman, MD 
LSU EYE CENTER 

2020 Gravier Street, Suite B 
New Orleans, LA 70112 


LSU Medical Center is an 
equal opportunity/affirmative 
action employer. 
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Faculty Positions 


FACULTY POSITION INMOLECULAR GENETICS. 
The Wilmer Institute of The Johns Hopkins Univer- 
sity, School of Medicine, invites applications fora 
full-time faculty position at the level of assistant 
professor, associate professor or professor. We are 
particularly interested in established investigators in 
the fieid of molecular genetics of eye disease in 
human patients and in animal models. Scientists 
with a strong background in other aspects of 
molecular genetics or molecular biology, and who 
are willing to move into eye research, are also en- 
couraged to apply. A detailed curriculum vitae, 
including a list of publications and current grant 
support, a description of current research interests, 
and three (3) letters of recommendation should be 
addressed to: Ruben Adler, MD, Chairman, Search 
Committee, The Johns Hopkins University School 
of Medicine, The Wilmer Institute, Maumenee 519, 
600 North Wolfe Street, Baltimore, MD 21205. The 
Johns Hopkins University is an affirmative action/ 
equal opportunity employer. 


>. = L a i 
ASSOCIATE IN OCULAR VASCULAR diseases. 
The Ocular Vascular Service of the Department of 
Ophthalmology, University of lowa, College of Med- 
icine, has an opening for an ophthalmologist at the 
associate level, beginning July 1, 1989. The candi- 
date must have had a residency in ophthalmology 
and preferably boards in ophthalmology or equiva- 
lent certificatian from abroad. Research experience 
in ophthalmolegy, preferably in retinal or vascular 
disorders, is highly desirable. The University of lowa 
is an equal epportunity and affirmative action 
employer. Minorities anc women are encouraged to 
apply. interested persons are invited to direct inquir- 
ies and:submitwitaes with names of three references 
to: S.S Hayreh, MD, Ph.D, D.Sc, Department of 
Qphthelmology, University of lowa Hospitals, lowa 
Gity, lowa 52242. 



















addressed to: 


















The Wilmer Eye Institute 





UNIVERSITY OF MINNESOTA 
TWIN CITIES 


A full-time, probationary assistant professorship, tenured associate or tenured 
professorship in ophthalmology is open January 1, 1990 at the University of 
Minnesota. Upon a decision by the department head and the dean, if selected 
candidate meets criteria for and is appointed as associate or full professor, 
position may be awarded the Lyon chair in ophthalmology. 


Position includes patient care and surgical responsibilities in pediatric ophthal- 
mology; didactic and clinical teaching from fellowship to paraprofessional level; 
and basic and Clinical research, especially involving multi-center clinical studies. 


PROBATIONARY ASSISTANT PROFESSOR 
MD required. Demonstrated involvement in quality research accepted or pub- 
lished in peer-reviewed journals. Competence in communication and in the 
teaching of students. 


TENURED ASSOCIATE PROFESSOR 
MD required. Professional distinction in research and writing and demonstrated 
effectiveness in teaching and advising. 


TENURED PROFESSOR 
MD required plus national reputation in research and evidence of leadership in 
candidate's professional field. 


Minimum academic preparation and experience: Completion of ophthalmology 
residency plus a one-year pediatric ophthalmology fellowship. Ophthalmology 
board-certified (board-eligible at assistant level). Demonstrated research capa- 
bility with interest in multi-center clinical studies. One to five years experience in 
treatment and surgery of pediatric ophthalmology. 


Last day for receipt of applications: November 30, 1989. 


Send resumes to: 
C. Gail Summers, MD, Chairman, Search Committee 
Department of Ophthalmology 
516 Delaware Street, Minneapolis, MN 55455 


The University of Minnesota is an equal opportunity educator and employer, 
and specifically invites and encourages applications from women and minorities. 


of the 


Johns Hopkins University School of Medicine 


is accepting applications for the 


DIRECTOR OF 
VITREORETINAL SURGERY 


The Johns Hopkins University School of Medicine is now accepting applications for the position of 
Director of Vitreoretinal Surgery. Persons with a distinguished record of accomplishment in vitreo- 
retinal disease in teaching, research, administration and clinical care in this discipline are invited to 
apply. Academic rank and compensation are dependent upon prior experience. A detailed curricu- 
lum vitae, including a list of publications and four (4) letters of recommendations should be 


Morton F. Goldberg, MD, Professor and Chairman 
THE WILMER EYE INSTITUTE 
Maumenee 505, 600 North Wolfe Street, Baltimore, MD 21205 


The Johns Hopkins University is an equal opportunity/affirmative action employer. 
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Directors Wanted 


CHAIRPERSON, Department of Ophthalmology — 
The University of Nebraska College of Medicine is 
conducting an active search for a Chairperson of 
Ophthalmology. Applications are sought from board- 
certified individuals with established credentials in 
research and demonstrated leadership in educa- 
tion. Interested applicants should submit a curricu- 
lum vitae by December 1, 1989, to: Chairman, Oph- 
thalmology Search Committee, c/o Office of the 
Dean, University of Nebraska College of Medicine, 
42nd and Dewey Avenue, Omaha, NE 68105. An 
affirmative action/equal opportunity employer. 


VITREOUS-RETINAL SURGEON — Minneapolis: 
BC/BE ophthalmologist with subspecialty training 
in vitreous-retinal surgery needed to join the 10- 
member Department of Ophthalmology and serve 
as director of the retinal surgery program of the Park 
Nicollet Medical Center and the International Dia- 
betes Center. Our established vitreous-retinal spe- 
cialty clinic is fully equipped for our high pathology 
practice with laser, ultrasound and fluorescein 
angiography. Our specialty staff includes two 
COMTs and an office assistant. Candidates desired 
with interests in teaching and clinical research. Our 
290-physician multi-specialty medical clinic in the 
attractive Minneapolis/St. Paul area is highly repu- 
table, well-established and has been in existence for 
38 years. Salary and benefits would be exceptional. 
Send CV and letters of inquiry to: Patrick Moylan, 
Park Nicollet Medical Center, 5000 West 39th Street, 
Minneapolis, MN 55416. 


Practices For Sale 


SELLING YOUR PRACTICE? The AMA journal in 
your specialty is your best place to advertise. Now 
available are very affordable ads that are perfect for 
finding a buyer. Also, Box service is available for 
your convenience and confidentiality. Call our 
“Classified Advertising” office toll free: National 
(800) 237-9851; in Florida (800) 553-8288. 












A FULL-TIME, TENURE TRACK 
ASSISTANT PROFESSORSHIP IN OPHTHALMOLOGY 


is available December 1, 1989 at the 
required with demonstrated involvement in 
ed or published in peer-reviewed journals. 


The Ochsner Clinic has 
expanded to a university 
community with a 
metropolitan population 
of 560,000 providing 
outstanding cultural 
opportunities. A position 
is available in a growing 
department of 
Ophthalmology. 

Fellowship training is 
desirable. Opportunities 
for clinical research. 
Candidates for 
consideration must have 
board certification / 
eligibility and at least 
one of the following: 
Academic honors: 
Excellent rating in an 
outstanding training 
program; Demonstrated 
ability to provide 
a Superior level of care. 
Interested individuals 
should forward CV to: 


Charles M. Kantrow, Jr.. M.D. 
16777 Medical Center Drive 


Baton Rouge, LA 70816 


University of Minnesota. MD is 
quality research accept- 








Minimum academic preparation: completion of ophthalmology res- 
idency plus two year fellowship in cornea, anterior segment and 
ocular inflammatory disease. Ophthalmology board-certified. 


Minimum academic experience: cornea and external disease, ante- 
rior segment, uveitis and research in ocular inflammatory disease. 


Position includes patient care and surgical responsibilities to include 
corneal transplants, cataract extraction and ocular immunol- 
ogy and uveitis clinical services: teaching responsibilities from 
fellowship to paraprofessional level; and basic and 
clinical research in immunological mechanisms of uveitis and 
corneal graft rejection. 


Last day for receipt of applications: November 16, 1989. 








Send resume to: 


C. Gail Summers, MD, Department of Ophthalmology 
516 Delaware Southeast, Minneapolis, MN 55455. 


The University of Minnesota is an equal opportunity educator and employer and 
specifically invites and encourages applications from women and minorities. 


UNIVERSITY OF MINNESOTA 
TWIN CITIES 













PEDIATRIC 





The Department of Ophthalmology and 
Visual Sciences Center at Texas Tech 
University Health Sciences Center in 
Lubbock, Texas is seeking a fellowship 
trained pediatric ophthalmologist to join 
its rapidly expanding ophthalmology 
program. 












Academic teaching and research activi- 
ties are vital components of this position. 
The successful candidate must be board- 
certified or board-eligible in ophthalmol- 
ogy. Salary and benefits are commensu- 
rate with training and experience. 









Interested individuals should forward 
Curriculum vitae and four references to: 











DONALD R. MAY, MD 
Professor and Chairman 
Department of Ophthalmology 

& Visual Sciences 


TEXAS TECH UNIVERSITY 
HEALTH SCIENCES CENTER 
Lubbock, TX 79430 


For more information, please call: 
(806) 743-2412 












Subspecialty 
Ophthalmologist 
Kansas City 


Fellowship trained ophthalmologist 
to join two board-certified general- 
ists and establish first subspecialty 
department. 








Ultra-modern office with state-of- 
the-art equipment and vigorous 
growing practice. Some general 
Ophthalmology until subspecialty 
established. Ethical. Stimulating 
environment, clinica! research, 40 
papers published from our practice. 









Exceptional offer — salary, fringes, 
production incentive. 






Contact: 










John C. Hagan Ill, MD, FACS 


Midwest Eye Institute 
of Kansas City 


2700 Hospital Drive 
North Kansas City, MO 64116 
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VITREORETINAL 
SURGEON 


PEDIATRIC 
OPHTHALMOLOGIST 


Thriving, established midwest 
practice consisting of four 
ophthalmologists and 
otolaryngologist is expanding 
to subspecialty care. 


All in house equipment, 
including Yag and 
Argon/Krypton lasers. Strong 
referral base guarantees good 
income. Excellent benefits 
and easy practice buy-in to 
full partnership. 


Applicants should be board- 
certified or -eligible with 
good surgical skills and 
patient rapport. 





Reply to: 
BOX #503, c/o AOP 


Glaucoma 
Specialist 


Academic position, 
assistant/ associate professor. 
















State University of New 
York at Buffalo. BE/ BC. 
Teaching and research. 


SUNY Buffalo is an 
affirmative action/ equal 


opportunity employer. 
Send CV to: 


Ophthalmology 
Department 


Erie County 
Medical Center 


452 Grider Street 
Buffalo, NY 14215 





Academic Ophthalmologists 


Several full-time academic ophthalmologist positions are Cur- 
rently available at Southern Illinois University School of Medicine. 
These positions are for general ophthalmologisis with a special 
interest in glaucoma, ocular pathology or ophthalmic plastics. 
The academic rank will be commensurate with credentials. 


Minimum requirements for the positions include competence in 
teaching, possession of a medical degree and eligibility to be 
licensed in the State of Illinois, board-certification in ophthalmol- 
gy and experience in cataract surgery. Desirable qualifications 
include fellowship training in subspecialty area and an interest in 
basic science or clinical research. Curriculum vitae and names 
and addresses of three references should be sent to: 


POSITION 
AVAILABLE 


VITREORETINAL 
FELLOWSHIP 


IMMEDIATE OPENING 


Training program for 12 to 24 months. 
Includes extensive experience 
with medical and surgical diseases, 
clinical research and opportunities for 
basic research. 


Respond to: 
James E. Puklin, MD 


Kresge Eye Institute 
Wayne State University 
3994 John R, Detroit, MI 48201 
(313) 577-1320 








Betty J. Adams, Administrator 
Division of Ophthalmology 
Department of Surgery 


SO 


Southern Illinois University School of Medicine 
PO. Box 19230, Springfield, IL 62794-9230 


Southern Illinois University School of Medicine 
is an equal opportunity/affirmative action employer. 
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WANTED! 


Vitreo-Retinal 
Surgeon 


to join incorporated 
soloist in vitreo-retinal 
practice. Active surgical 
volume with opportunity 
for additional growth. 


Require experience in 
retinal detachment 
repair, vitreous surgery, 
photocoagulation, 
ultrasonography, 
fluorescein angiography. 
Competitive salary and 
benefits. 

For further information 
please write to: 

Midwest Retina 
Associates, Inc. 

2900 Baltimore 

Suite 520 

Kansas City, MO 64108 


— OREGON — 


Immediate opening for 


GENERAL OPHTHALMOLOGIST 


with multi-specialty group 
in beautiful Pacific northwest. 






probationary assistant professorship, tenured associate 
or tenured professorship in vitreoretinal surgery and disease 
is open January 1, 1990 at the University of Minnesota. 




















Probationary Assistant Professor: MD required. Demonstrated involve- 
ment in quality research accepted or published in peer-reviewed journals. 
Competence in communication and in the teaching of students. 
















Tenured Associate Professor: MD required. Professional distinction in 
research and writing and demonstrated effectiveness in teaching 
and advising. 






















Tenured Professor: MD required plus national reputation in research and 
evidence of leadership in candidate’s professional field. 














Minimum academic preparation and experience: Completion of ophthal- 
mology residency plus a one year vitreoretinal fellowship. Board-certified in 
ophthalmology (board-eligible at assistant level). Demonstrated research 
a One to five years experience in treatment and surgery of vitreoret- 
inal disease. 





































UNIVERSITY OF MINNESOTA 
TWIN CITIES 


Send resumes to: William H. Knobloch, MD, Chairman, Search Committee, 
“are of Ophthalmology, 516 Delaware Street Southeast, Minneapolis, 




















Last day for receipt of applications is November 30, 1989. 


The University of Minnesota is an equal opportunity educator and employer, and 
specifically invites and encourages applications from women and minorities. 




























ACADEMIC 
OPHTHALMOLOGISTS 


Southern Illinois University School of 
Medicine in Springfield, Illinois, has an 
academic ophthalmology position 
open at the assistant/associate or 
professor level, preferably for an 
individual specializing in corneal 
transplant surgery. The requirements 
for the position include competence in 
teaching, an interest in basic science 
or clinical research, completion of a 
fellowship in corneal transplant 
Surgery, and board-certification in 
ophthalmology. Applicants for the 
position must be board-certified. 
Curriculum vitae and a letter of inquiry 
should be sent to: 


Betty J. Adams, Administrator 
Division of Ophthalmology 
Department of Surgery 



















Position provides Opportunity to practice truly signifi- 
cant ophthalmic medicine and Surgery in vigorous, 
congenial group of eight within the Kaiser Perma- 
nente program, Northwest Region. Competitive Salary 
and comprehensive benefits package, including 
generous pension program, sabbatical leave and pro- 
fessional liability coverage. 































































Forward inquiry with CV to: 


Fred M. Nomura, MD 
Regional Medical Director 
NORTHWEST PERMANENTE, P.C. 
3600 North Interstate Avenue 
Portland, OR 97227 







SOUTHERN ILLINOIS UNIVERSITY 
SCHOOL OF MEDICINE 

P.O. Box 19230 

Springfield, IL 62794-9230 















Southern Illinois University School of 
Medicine is an equal opportunity/ 
affirmative action employer. 







Fellowships 






















CORNEA FELLOWSHIP 


A fellowship in cornea and external disease is 
offered by a large volume corneal referral 
practice, Corneal Consultants of Indiana. The 
position is for 1 to 2 years and will provide 
significant exposure to medical and surgical 
corneal disease including PKP, IOL exchange, 
keratomileusis, lamellar procedures and 
hydrogel inlays. Involvement in research ac- 
tivities is encouraged. Interested applicants 
should contact: Francis W. Price, Jr., MD or 
William E. Whitson, MD at 9002 North Meridian 
Street, Suite 100, Indianapolis, IN 46260. 





Fellowship 






Fellowship available in Cor- 
neal External Disease— 
Contact Lenses/Anterior 
Segment July 1990-1991. 





Department of 
Ophthalmology 
University of 
Connecticut 
Farmington, CT 
06032 
203-521-7560 


Attn: P.C. Donshik, M.D. 
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Positions Available 


Oe 
REPS WANTED — Summit Optics, Inc. is looking 
for sales representatives for custom post operative 
dressing trayssand pharmaceuticals. Send resume 
to: 2402 Northwest 66th Court, Gainesville, FL 
32606-1632. 


Positions Wanted 


OLM 
BOARD-CERTIFIED OPHTHALMOLOGIST, 35, 
seeks practice position: New York, Connecticut, 


| New Jersey, with partnership potential. Reply: Box 


601, c/o AOP. 


SS ae 
Medical Equipment / Supplies 


DOCTORS: Den't throw your equipment away. We 
pay top dollar for your equipment. We buy, sell, 
service optical equipment. Write or call your list of 
inventory to: Belrose Refracting Equipment Com- 
pany, 3734 Oakton Street, Skokie, IL 60076-3444. 
(312) 675-2300. Established 1953. 


A A SEE: LS LE 
Medical Equipment/ Supplies Miscellaneous 


GREAT SALE — Office closes! Two operatories 
available (3-4 years old): Reliance and Topcon; 
Autoperimeter — $1,750. Call: (800) 748-5748. MFI 
Medical. 
















ANGIOGRAM Ly Pog ea 


y $9.00 
A HISTORY OF PROFESSIONAL SERVICE 
Ask about our Developing and Printing 
Services. Call toll free: 1-800-851-5038. In 
Tennessee, call collect: 1-901-683-6821. 
THE ANGIOGRAM READING CENTER 
P.O. Box 171804 © Memphis, TN 38187 





J.R. OPTICAL will help you dispose of surplus 
instruments and equipment. Our southwest service 
center repairs and rebuilds most ophthalmic instru- 
ments, both current and obsolete. J.R. Optical, Inc., 
P.O. Box 2036, Hurst, TX 76053. (817) 282-6104. 











We Target 
The Physician You Want! 


The Archives of Ophthalmology ’s classified recruitment section will deliver 
your message to exactly your target audience — all ophthalmologists. A total 
targeted physician audience of over 15,000. 


Send us your advertising order today. Just complete the coupon below and 


attach your typewritten copy. The next available issue ss December which 
closes Wednesday, October 25th. 









The classified rate is $ .95 per word for one issue. For three issues or more, the rate is 
$ .85 per word per issue. Minimum classified ad is 20 words. 


PLEASE COMPLETE THE FOLLOWING: 








Insert my ad times, beginning with the ——HH+"— issue. 





Place my ad under the heading $A @_ mmm 













Enclosed is my check for $ —————_—_________ to cover full payment 
of my advertising schedule. 


Institution a ee tS o e 
Contact Person ———————————— rrr 


Address ET 





City ———_—————————____ State ———— Zip ——__——_——_——————— 


Authorized Signature. ——————— rrr a 


COPY FOR CLASSIFIED ADVERTISEMENT: —2@——_£€—__———————— 


EEEE 


Send all copy and payments to: 








archives of 


Ophthalmology 


Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 
National (800) 237-9851 O Florida (800) 553-8288 O Loca! (813) 443-7666 
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The Retinal Vascular Center of 


The Wilmer Institute 


==» The Johns Hopkins Medical Institutions 
presents 


Ocufen® (furbiprofen sodium) 0.03% 


Liquifilm® sterile ophthalmic solution 













INDICATIONS AND USAGE 
Ocufen is indicated for the inhibition of intraoperative miosis. 










x HREN 
CONTRAINDICATIONS HH T 
Ocufen is contraindicated in epithelial herpes simplex keratitis AORRORAODARORROCAODAROORONARDANODAADAADARNA LAULAU 
(dendritic keratitis) and in individuals who are hypersensitive HT TTT 
to any components of the medication. TTT TT D ; AB ETI ( TOTT 
TTT TTT 
WARNINGS 

With nonsteroidal anti-inflammatory drugs, there exists the HHH THH 
potential for increased bleeding due to interference wit h throm- TTI LTT TTT 
bocyte aggregation. There have been reports that Ocufen may LTT TT] TTT TTT 
cause bleeding of ocular tissue (including hyphemas) in conjunc- THH THH 

tion with ocular surgery. i N 1 989 
TTT T 





There exists the potential for cross-sensitivity to acetylsalicylic TTT 
acid and other nonsteroidal anti-inflammatory drugs. Therefore, 
caution should be used when treating individuals who have previ- 
ously exhibited sensitivities to these drugs. 


PRECAUTIONS 
General: Patients with histories of herpes simplex keratitis should 
be monitored closely. Ocufen is contraindicated in patients with 
active herpes simplex keratitis. 


Friday, November 17, 1989 


This course will stress diagnosis and treatment of 
all forms of diabetic retinopathy, applying and inter- 
preting the results of available Studies, including 
results of the Early Treatment Diabetic Retinopathy 
Study (ETDRS). The faculty, including Principal 
investigators of the ETDRS, will stress: 









Wound healing may be delayed with the use of Ocufen. 







It is recommended that Ocufen be used with caution in surgical 
patients with known bleeding tendencies or who are receiving 


e Recognizing stages of retinopathy for treatment 
other medications which may prolong bleeding time. 


with photocoagulation to prevent or reduce risk 
of visual loss; 






Drug interactions: Interaction of Ocufen® (flurbiprofen sodium) 


0.03% Liquifilm® sterile ophthalmic solution with other topical 
ophthalmic medications has not been fully investigated. 





e Diagnosis and photocoagulation of diabetic 
macular edema; 





Although clinical studies with acetylcholine chloride and animal 
studies with acetylcholine chloride or carbachol revealed no inter- 
ference, and there is no known pharmacological basis for an inter- 
action, there have been reports that acetylcholine chloride and 
carbachol have been ineffective when used in patients treated 
with Ocufen. 





e Treatment of preproliferative and proliferative 
retinopathy. 





Cases will be presented to encourage active partici- 
pation and discussion between registrants and 
faculty. 





Carcinogenesis, mutagenesis, impairment of fertility: Long- 
term studies in mice and/or rats have shown no evidence of car- 
cinogenicity or impairment of fertility with flurbiprofen. 























Long-term mutagenicity studies in animals have not been TTT TTT UT TT 
“4° HT Course Director HTT 
TTT Robert P. Murphy, M.D. TTT 
Pregnancy: TTT i BERARD, 
Pregnancy category C. Flurbiprofen has been shown to be TTT Location TTT 
embryocidal, delay parturition, prolong gestation, reduce weight, TTT the ri- sg “tine ae PAN HTT 
and/or slightly retard growth of fetuses when given to rats in daily HHH i Yy HHH 
oral doses of 0.4 mg/kg (approximately 185 times the human daily TTT Course Fee ttt 
topical dose) and above. There are no adequate and well- TTT $200 a TT 
controlled studies in pregnant women. Ocufen should be used TTT $100 (those in training) TTT 
during pregnancy only ifthe potential benefit justifies the poten- LTT TT TT Credit LT TTT TI 
tial risk to the fetus, HH 8.5 AMA Category | credits will be awarded {||| TTT] 
; ii | 
Nursing mothers: It is not known whether this drug is excreted ATELLA Special Guest Faculty HHH 
in human milk. Because many drugs are excreted in human milk LTT TI oe A ei MD ; ELL TTT 
and because of the potential for serious adverse reactions in ATLETEN M str 5 ek MD TTT 
nursing infants from flurbiprofen sodium, a decision should be TTT E ia f a F ay ee M D TTT 
made whether to discontinue nursing or to discontinue the drug, HHHH ‘oe d | Rang M D i LHT 
taking into account the importance of the drug to the mother. TT oe: ty ee ike! HHH 
an 
Pediatric use: Safety and effectiveness in children have not been ATT i TT 
established. Ht oe ae ee HHH 
For Further Information 
ADVERSE REACTIONS TTT ag TTT 
The most frequent adverse reactions reported with the use of HH The one Tee hd aia THH 
Ocufen are transient burning and stinging upon instillation and TT Turner Building, 720 Rutland Avenue TTT 
other minor symptoms of ocular irritation. THT Baltimore, Maryland 21205-2159 T 
Increased bleeding tendency of ocular tissues in conjunction with HH (301) 955-2959 HHN 
mooo at 
= ALLERGAN PHARMACEUTICALS SUPERROUUUSEEOOOOGUREOOUOSREROOUDSEROOUUEEESUOSHREEOUSUEEROGG( 
™ A Division of Allergan, Inc., Irvine, CA 92713 HAAT 
©1989 TTT CCCCCCCCACRACCACCCCCANADEN] 


£ 







EZVUE. 
See 


You can see the difference 


« * 


AA 
The first one-piece lens with Violet Haptics 
for better visualization 
New EZVUE™ Violet Haptic The safe use of the color 
One-Piece Lenses from additive has been clinically 
JOLAB offer an advantage established for many years 
most surgeons prefer. . . better in Vicryl* Absorbakle 
visualization. Its violet colored Ophthalmic Sutures. 
haptics allow you to easily see RS 
the lens during insertion and REVUE senes have the 
ce : Lae same haptic flexibility as all 
aid im placing both haptics in 
l ; IOLAB clear one-piece 
thecapsular bag. Centration PMMA lenses 
and fixation are quickly i 
verified. 





EZVUE'... 
you'll see the difference. 


joe.” Rg RR SSIS ERS A DP ES 


Visitus at Booth #454 at the AAO Convention. Ss ji 4 j : i ® 


INTRAOCULAR 
a fohmonsfohmen company 
Prior to use, please refer to the product information package insert for indications, cautions, warnings and precautions. 
IOLAB Corporation, 500 IOLAB Dr., Claremont, CA 91711, 714/624-2020: Customer Serwce-Tall Free: 800/255-2500 
*Trademark of Ethicon, Inc. © IOLAB 1988 988-1287 






CAUTION. ‘nvestigational Device. Limited by 
Federal Law to investigational use. 


helps you | 
control the unexpected. 


Keeping the pupil larger to help reduce the risk 
of serious intraoperative complications. 


Ocuten’ 


(flurbiprofen sodium) 0.03% 


Liquifilm’ sterile ophthalmic solution 


=} ALLERGAN PHARMACEUTICALS 


Please see brief summary of prescribing information on adjacent page. 
y OFF pag 
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Reversibility of Optic Disc Cupping G L. Spaeth 





Cornea Donation Laws in the United States P P Lee, W. J. Stark, J. G. Yang 


Tepical Timolol Administration Reduces the incidence of Glaucomatous Damage in Ocular 
Hypertensive Individuals M. A. Kass, M. O. Gordon, M. R. Hoff, 
J. M. Parkinson, A. E. Kolker, W. M. Hart. B. 3ecker 


Reversal of Glaucomatous Optic Disc Cupping in Adult Patients D. H. Shim, M Bielik, 
r Y. J. Hong, K. S. Briggs, D X. Shi 


Posterior Lip Sclerectomy vs Trabeculectomy in West Indian Blacks M. R. Wilson 


The Effect of Anterior Chamber Depth on Endothelial Cell Count After Filtration Surgery 
P M. Fiore, C. U. Richter, G. Arzeno, C. A. Arrigg, B. J. Shingleton, A. R. Bellows, B. T- Hutchinson 


Response Properties of Normal Observers and Patients During Automated Perimetry 
i J.M. Nelson-Quigg, J. D. Twelker, C.-A. Johnson 


The Influence of Axial Length on the Response to Strabismus Surgery B. J. Kushner, 
N. J. Lucchese, G. V. Vorton 


Complex Microphthalmos | A. H. Weiss, B. G. Kousseff, E. A. Ross, J. Loncbottom 
Simple Microphthalmos 3 A. H. Weiss, B. G. Kousseff, E. A. Ross, d. Longbottom 


Human Papillomavirus DNA in a Recurrent Squamous Carcinoma of the Eyelid 
J. M. McDonnell, P. J. McDonnell, W.C. Stout, W. — Martin 


Eye Involvement in Junctional Epidermolysis Bullosa - P.J. McDonnell, O. M. ¥. Schofield, 
| | 'D. J. Spalton, P. A. J. Eady 
Retinal Oxalosis C. G. Wells, R. J. Johnson, L. Qingli, A. H. Bunt-Milam, R. E. Kalina 
Expulsive Choroidal Hemorrhage in Rabbits C. F. Beyer, G. A. Peyman, J. M. Hill 
The Elastic Tissue of Bruch’s Membrane G. E. Korte, G. D’ Aversa 
Bovine Retinal Pigment Epithelium Promotes Proliferation of Choroidal Endothelium 
In Vitro | L. S. Morse, J. Terrell, Y. Sidikaro 
Assessment of Diclofenac on Herpes Keratitis in Rabbit Eyes M. D. Trousdale, 
W. E. Barlow, L. J. B McGuigan 
Effect of Lid Closure on Contact Lens-Associated Pseudomonas Keratitis M. |. Aswad, 
| M. Barza, 4. Baum 
Dislocated Posterior Chamber Intraocular Lens W. E. Smiddy 
Reconstruction of Orbital Exenteration Cavities | P J. Donahue, S. L Liston, 


D. P. Falconer, J. C. Manlove 


Volume Augmentation of the Anophthalmic Orbit With Cross-linked Collagen (Zypkast. 
K. V. Cahill, J. A. Burns 
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Lens before implantation shown with proper orientation 


By conforming, not deforming. 


Bag Conformity and Centration. The two features of CILCO" cantilever loop 
single-piece IOLs that provide for better capsular fit. 


Their proprietary haptic designs allow these lenses to accom modate to the size 
of the capsular bag. This conformity can eliminate the unequal zonular stress and 
the capsular bag distortion that can occur with an exceptionally long haptic, or 
unforgiving haptic design. The ability to accommodate also decreases the likelihood 
of a haptic overextending the anterior capsular flap and displacing into the sulcus. 


Our unique haptic designs result in uniform radial forces that automatically 
center the optic. These gentle forces of centration also restore the natural shape of the 
capsular bag. This is achieved by providing an effective 360 degrees of radial stretch. 
And, this stretch helps to eliminate capsular wrinkles, a prima ry pathway for 
posterior capsule opacification. 


Manufactured from lathe-cut, high molecular weight PMMA, these lenses ex hibit 
superior memory. Thus, they preserve the angulation that minimizes the risk of 


© Copyright, Alcon Surgical, Inc., 1989 7586 


Lens after implantation viewed from behind the irts 





iris chafing and pupillary block, as well as the haptic shape that maximizes centration. 


capsule in shape, contact your Alcon Surgical 


~ Tolearn more about keeping the 
800-654-6243, toll free. 


CILCO’® Territory Manager, or call 1- 


CILCD' Single-piece PMMA 
Posterior Chamber Lenses 


Designed for a better capsular fit 
’ Alcon 


SURGICAL 


Alcon Surgical, Inc., 6201 South Freeway, Fort Worth, TX 76134, 1-800-654-6243. 


CILCO? is a registered trademark of Alcon Surgical, Inc. 


Caution: Investigational device limited by federal (USA) law to investigational use. 
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dryey_ 
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For millions of patients who use a lubricant 
ophthalmic solution, something is still missing. 


Nighttime therapy. 


Signs and symptoms of dry eye can actually worsen after a night's sleep. Yet many ~ 
patients with dry eye continue to endure itchy, scratchy, gritty eyes upon awakening, 
unaware of an ocular lubricant specifically formulated to relieve such symptoms— 
Refresh® P.M. Eye Lubricant. rergrererrss 

Refresh P.M. is a 3.5 g petrolatum-based ointment that provides safe, MOMSEN 
comfortable protection throughout the night. Just like regular Refresh, Refresh 
Refresh P.M. is 100% preservative-free. And that eliminates the iatrogenic K@8 Vi 
effects sometimes associated Lubricor 


r à ® Eye Lubricant 
with chronic use of preserved 
tear supplements. e EŞ i i Lunia trong 







Soifyour patients are miss- s 
ing half of their dry eyetherapy, Because care for dry eyes shouldn't 
tell them you found it. end just because the day does. 
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Continuing the Publication 
Founded by Herman Knapp, 1869 


The objectives and goals of the Archives of 
Ophthalmology are education: To inform its readers 
of progress, probiems, and pertinent research in the 
practice of ophthalmology through the publication of 
eriginal contributions and observations. 


EDITORIAL BOARD 


Morton F. Goldberg, MD, Editor 
Waiter J. Stark, MD, Associate Editor 
Andrew P. Schachat, MD, Assistant Editor 
Anne Meltzer, BA, Administrative Assistant 
Archives Office: The Wilmer Institute, 
The Johns Hopkins Hospital, 


à 6@0 North Wolfe Street, Baltimore, MD, 21205. 


Phone: (301) 955-1358 


Daniel M. Albert, MD, Boston, Mass 
Book Reviews 


Jorge A. Alvarado, MD, San Francisco, Calif 
Richard L. Anderson, MD, Salt Lake City, Utah 
Perry S. Binder, MD, La Jolla, Calif 
George H. Bresnick, MD, Madison, Wis 
John W. Chandler, MD, Madison, Wis 
David L. Epstein, MD, Boston, Mass 
Stuart L. Fine, MD, Baltimore, Md 
Gerald A. Fishman, MD, Chicago, Ill 
Anne B. Fulton, MD, Boston, Mass 


W. Richare Green, MD, Baltimore, Md 
Clinieopathologic Reports 


Creig S. Hoyt, MD, San Francisco, Calif 
Lee M. dampol, MD, Chicago, Ill 
John L. “eltner, MD, Davis, Calif 


Malcolm N. Luxenberg, MD, Augusta, Ga 
Photo Essay 
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Questions and Answers 
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Functional Blindness in Photorefractive Keratectomy 
George W. Weinstein, MD, Morgantown, WVa; 
Clifford Michaelson, MD, Boston Mass; Lee T. Nordan, MD, La Jolla, Calif 
In Reply 
Marguerite B. McDonald, MD, New Orleans, La 
American Academy of Ophthalmology’s Commitment to Eye Safety 
Louis D. Pizzarello, MD, Southampton, NY 
Will We Master the Humphrey Perimeter or Will the Humphrey Perimeter Master Us? 
Riri S. Manor, MD, Petah Tiqva, Israel 
Diverticula; Diverticuli 
John F. Ferry, MD, Covington, La 
Transient Hypopyon Following Primary or Adjunct Argon Laser Photocoagulation 
Dong H. Shin, MD, PhD, Detroit, Mich 
In Reply 
Robert N. Johnson, MD; Jean-Marie Parel, Ing ETS-G; 
Harry W. Flynn, Jr, MD; Lourdes M. Portugal, Miami, Fla 


CASE REPORTS ounccecnccccsscsssscssssssssssscsssonsseccssssessanceseeveseseastecessnscsnessanecscsncansnuagneereansensansnsgngsnerenes 


Laser Capsulotomy Through Intraocular Lens Positioning Holes 


in Anterior Aqueous Misdirection 
Jose Miguel Risco, MD; Karim F. Tomey, MD; 
Todd W. Perkins, MD, Riyadh, Saudi Arabia 
Metastatic Retinoblastoma 
Devron Char, MD; Shawnya Kaleta-Michaels; Elaine Engman, MD, San Francisco, Calif 


Lisch Nodules in Neurofibromatosis Type 2 
S. J. Charles, FRCS (Glas); A. T. Moore, FRCS; J. R. W. Yates, MRCP; 
M. A. Ferguson-Smith, FRS, Cambridge, England 
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Senate Finance Committee Proposes 
Middle Ground for Physician Payment Reform 
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Yearbook of Ophthalmology 1988 (Ernest, Deutsch, eds) 
Reviewed by Don C. Bienfang, MD, Boston, Mass 

The Ophthalmic Assistant: Fundamentals and Clinical Practice, 5th ed, (Stein, Slatt. Stein) 
Reviewed by A. Frances Walonker, CO, COMT, Los Angeles, Calif 

Eye Movement Disorders (Sanders, deKeizer, Zee, eds) 
Reviewed by Robert B. Daroff, MD, Cleveland, Ohio 

Usher's Syndrome: What It Is, How to Cope, and How to Help 

(Duncan, Prickett, Finkelstein, Vernon, Hollingsworth) 
Reviewed by Ruth M. Liberfarb, PhD, Boston, Mass 

Medical Sciences for the Ophthalmic Assistant (Nemeth, Shea) 

(Ophthalmic Technical Skills Series) 
Reviewed by Claudia A. Arrigg, MD, Boston, Mass 

Cataracts: Transactions of the New Orleans Academy of Ophthalmology (Caldwell, ed) 
Reviewed by Jay H. Kaufman, MD, PC, Newton, Mass 


—- 





a 


1555 








Two ways to lower the cost of glaucoma therapy. 


















Pilocar® alone Pilocar® 
(pilocarpine HCI) concomitantly. 
By itself Pilocar® is one Pilocar® adds much 

of the most economical less expense to already 


glaucoma therapies avail- 
able. In fact, a Pilocar® 
Twin-Pack prescription 
Saves your patients more 
than any other brand name 
pilocarpine — even some 
Seiki we ond oie 


expensive beta-blocker 
therapy. Compare Pilocar® 
to other concomitant ther- 
apies that cost up to five 
times as much. Pilocar® 
provides your patients with 
an effective concomitant 
therapy they can afford. 
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QUESTIONS AND ANSWERS 


Should Trabeculoplasty Be Repeated? 
Henry D. Jampel, MD, Baltimore, Md 
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Management of Retinoschisis 
J. Graham Dobbie, MD, Chicago, III 
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EDITORIAL 
Reversibility of Optic Disc Cupping: A Phenomenon That May Change 


the Management of Glaucoma 
George L. Spaeth, MD, Philadelphia, Pa 
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SPECIAL ARTICLE 
Cornea Donation Laws in the United States 

Paul P. Lee, JD, MD, Walter J. Stark, MD, Baltimore, Md; 
Joyce C. Yang, JD, New York, NY 
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For use in the treatment of keratitis sicca by reversible occlusion of the punctum and canaliculus. 


PUNCTUM FLOW 
LARGE SIZE #0009 CONTROLLER # 0008 
25% wider diameter than Standard Size Plug for patients with Standard Size Plug with open nose to modulate the flow of 
lax lids and large puncta, featuring Medium Size Plug dome. lacrimal fluid through a punctum and canaliculus. 
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Complementing our growing family of 
Eagle Vision-Freeman” Punctum Plug Kits. 


STANDARD SIZE #0001 MEDIUM SIZE #0003 SMALL SIZE #0004 


New improved nose design for easier insertion. 
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EACH KIT CONTAINS: f EAGLE VISION-FREEMAN “™ 


2-Punctum Plugs of medical grade LID FIXATION FORCEPS 
silicone —available as a separate item 


1- Dilator/inserter combination 
instrument 
Inserter Physician instructions 


Products #0001, #0003 and #0004 also available in 
MULTI-PACK KITS with 10 Punctum Plugs each. 


For more information or to order: © EAGLE VISION, INC., 1989 
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WHU IS NIDEK? 
A BIG COMPANY DOING 





Does an ophthalmic laser have to intimidate 
the patient by its bulk? Or the physician by 
its complexity? 

Nidek doesn't think so. 

So we've been building a big business 
in small lasers for 18 years. Lasers for every 
need: Nd:YAG, argon, krypton, and dye. 
Even the world's first diode laser powerful 
enough to be really effective. 

Each compact unit is developed at 
our U.S. facility to provide space-savings 
and patient confidence while maintaining 
unsurpassed performance, reliability 
and operating ease. 





By combining Japanese electronics 


and optics with the finest U.S. laser compo- 


nents you get the best of both worlds. 
Because reliability is so crucial, we 
employ every technique to extend system 
life. The exclusive low-duty-cycle design of 
our argon-based lasers, for instance, is a 
real tube-saver. To date, there have been 
no reported tube failures from the field. 
Careful efforts to combine perfor- 
mance with practicality have made Nidek 
the world’s second largest ophthalmic 
laser company. We employ 800 people 
and have $128 million in annual sales. 


SMALL MIRACLES. 


And we're growing fast. 

For more laser information, write: 
Nidek, Inc., 2460 Embarcadero Way, 
Palo Alto, CA 94303. Or simply call: 
(800) 223-9044. 

Because Nidek knows it's the little 
things that pay off big. 
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Functional Blindness in Photorefractive Keratectomy 


To the Editor.—I was surprised to read the case report by 
McDonald and colleagues' in the May 1989 issue of the 
Arcuives. While I do not understand how the Investiga- 
tional Device Exemption granted by the Food and Drug 
* Administration to Dr Trokel could have been used by the 
authors, the procedure was stated to have been performed 
as “part of the early human safety efficacy ‘blind eye’ 
trials.” 

The authors referred to the patient as having a “puta- 
tively blind eye.” They indicated that they were surprised 
to discover that her blindness was functional (I do not know 
what they mean by “physiological blindness”). 

The suthors stated that “we believed, in good faith, that 
she was orgenically blind.” Yet the patient had, according 
to the report, “no Marcus Gunn pupil.” Her retina was at- 
tached and her optic nerve was pink. 

I do not believe that the authors can make a good case for 
assuming that this patient’s eye was blind. I would hope 
that more cereful interpretation of the ophthalmologic ex- 
amination would be undertaken in future studies involving 
“blind eyes.” 

Iam sorry that the editorial reviewers did not detect this 
preblem eariier and keep this report from being published. 
In addition, the photograph was rotated 90°. 

GEORGE W. WEINSTEIN, MD 
Morgantown, WVa 


L McDonald MB, Kaufman HE, Frantz JM, Shofner S, Salmeron B, Klyce 
SD. Excimer laser ablation in a human eye. Arch Ophthalmol. 1989;107:641- 
642. 


To the Editer.—I was disturbed to read the recent case re- 
port by McDonald et al in the May 1989 issue of the 
ARCHIVES, which is the first report of excellent visual results 
from excimer laser central photorefractive keratectomy in 
a human ey. The authors stated that the patient received 
excimer laser ablation in “a putatively blind eye” that was 
treated “as part of the early human safety and efficacy 
‘blind eye’ trials under the aegis of the Investigational De- 
viee Exemption granted by the Food and Drug Administra- 
tion...” They also stated they believed the patient was 
“organically blind” and that they would “not have treated 
her... had we suspected that her blindness was functional 
rather thar physiological.” 

Although the patient was referred to the authors as be- 
ing blind im the right eye following a transsphenoidal 
hypophysectomy and scleral buckling procedure in 1985, 
their cwn examination revealed that her blindness was not 
organically based. On June 7, 1988, the patient reportedly 
had bare light perception in the right eye, with uncorrected 
visual acuity of 20/25 OS. The retina in the right eye was 
attached, the optic nerve was pink, and there was no Mar- 


Arch Ophthalmol—Vol 107, November 1989 


cus Gunn pupil. The visual field was “extremely constricted 
and irregular.” 

If the retina was attached and there was no evidence of 
optic atrophy, how did the authors explain the patient’s 
marked visual loss? With such asymmetrie vision, there 
should have been a relative pupillary afferent defect unless 
there was preexistent optic atrophy ar significant retinal 
damage in the fellow eye. Yet there is no mention of patho- 
logic findings in the left eye and there was no pupillary af- 
ferent defect. 

The authors mentioned that “several independent oph- 
thalmologists at different institutions found her to be blind 
prior to her inclusion in the study.” Given their own exam- 
ination, this is irrelevant. The absence of a relative pupil- 
lary afferent defect should have led them to question the 
organic basis of their patient’s blindness and perform any 
number of simple tests (eg, fogging the better eye, use of 
red/green glasses, and tests of stereo acuity) to determine 
true visual function. 

Prior to entering any human subject into an experimen- 
tal treatment protocol, all ophthalmologists should per- 
form a thorough ophthalmic examination. Unusual or 
inconsistent findings should be investigated to prevent un- 
necessary or unwarranted treatment. 

CLIFFORD MICHAELSON, MD 
Boston, Mass 


To the Editor.—The case report in the May 1989 issue of the 
ARCHIVES by McDonald et al concerning excimer laser ab- 
lation of the cornea for the correction of a refractive error 
of —5.00 diopters of myopia was most interesting. I would 
appreciate it if the authors would respond to several ques- 
tions and comments. 

The central thickness of the tissue removed was 0.12 mm 
(0.5 — 0.38 = 0.12) and the diameter af the tissue removed 
was 5.00 mm. The amount of stroma removed by Barraquer 
myopic keratomileusis in this case would be only about 0.07 
mm. Since a residual central corneal thickness of less than 
0.30 mm risks ectasia, the amount of resected tissue limits 
the power of the correction possible (assuming constant di- 
ameter of the ablated or resected tissue). Larger ablation 
diameters necessitate greater sagittal depths of tissue re- 
moval. 

Can the authors explain the gradual thinning of the cor- 
nea from 0.42 mm to 0.38 mm, and what would seem to be 
a large amount of tissue removed to correct a 5-D myope? 

The difficulty in obtaining an accurate eycloplegic refrac- 
tion points out the questionable nature of this examination 
when dealing with nonspherical corneal topography, such 
as the intersection of the host and ablated corneal curves, 
postradial keratotomy, refractive epikeratoplasty, and 
keratomileusis. The inclusion of this “corneal knee” inside 
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the dilated pupil commonly causes the resultant refraction 
to not correlate well with the noncycloplegic refraction and, 
more importantly, with uncorrected vision. 

The above clinical observation is important because it 
puts in grave question conclusions derived from studies 
such as the Prospective Evaluation of Radial Keratotomy 
and others that use postoperative cycloplegic refractions. 
Statistics concerning overcorrection, accuracy, and stabil- 
ity may well be incorrect, for better or worse. 

Since McDonald and coworkers and other groups are in- 
vestigating a new refractive surgery modality, it is impor- 
tant that we develop appropriate methods to evaluate this 
new technology. At this time, in my opinion, a patient’s best 
uncorrected and corrected (fogging refraction) visual acu- 
ity is all we really have, but limited information is better 
than misinformation. 

The change in keratometry readings (3 D) reported in this 
case, which measures the central circular zone of about 3.5 
to 4.0 mm, did not equal the change in refraction (5 D), in- 
dicating that the entire visual axis was not participating in 
the patient’s attainment of excellent uncorrected vision. 
This phenomenon occurs to some degree in patients under- 
going radial keratotomy and is extremely noticeable in my- 
opic keratomileusis, often in the range of a 4- to 5-D 
disparity, with the keratometry readings always changing 
less than the refraction. It is interesting that patients un- 
dergoing radial keratotomy do not complain of loss of 
intensity of vision with nondilated pupils in routine light- 
ing conditions, despite their aspheric corneas. It certainly 
appears that less surface area of the cornea is dedicated to 
emmetropia than preoperatively due to this aspheric cor- 
neal shape, which can only have a certain portion dedicated 
to emmetropia with its everchanging radius of curvature. 

A 5.0-mm optical zone created by corneal laser ablation 
would seem very likely to cause significant visual problems 
at night. Did the authors measure or question the patient 
about her vision in dark conditions? 

As stated above, the diameter of ablated tissue is of cru- 
cial importance because a delicate balance between the 
amount of tissue resected and the quality of vision with a 
dilated pupil must be found. 

I salute the efforts of Dr McDonald and others who are 
investigating the excimer laser as a useful tool for refrac- 
tive surgery. The comments and questions posed above re- 
late to current methods of refractive surgery and should 
have the same relevance to any other method of changing 
corneal topography. 

LEE T. NORDAN, MD 
La Jolla, Calif 


In Reply.—We appreciate the concerns expressed by Drs 
Michaelson, Weinstein, and Nordan. We would like to state 
clearly that had we been certain that this patient’s blind- 
ness was functional rather than physiological, we would 
have excluded her from the study. However, according to 
the guidelines established for the study, functional blind- 
ness is not a.contraindication, and her inclusion is notin any 
way a violation of the protocol. 

In response to Dr Weinstein’s question about the Food 
and Drug Administration procedure, we were permitted to 
use Dr Trokel’s Investigational Device Exemption because 
he is also a collaborator in this study with VISX Ine, the 
developer of the excimer laser we are using. This privilege 
was extended to us, as collaborators, in a straightforward 
manner that is not unusual in multicenter collaborative re- 
search. 

Regarding the diagnosis of functional blindness, we agree 


1564 Arch Ophthalmol—Vvol 107, November 1989 


with Dr Weinstein that, in the face of an attached retina 
and a pink optic nerve, it is difficult to make a case for or- 
ganic blindness, although this certainly can occur with pi- 
tuitary lesions. True functional blindness (not blindness 


due to malingering), however, is so rare that we have not 5 


seen another case at the LSU Eye Center in the past 10 
years. In addition, functional or hysterical blindness is 
usually bilateral and ordinarily resolves within a few days 
to a few weeks, whereas this patient had been blind for sev- 
eral years.'? The left eye of this patient was fogged (as Dr 
Michaelson suggested); with the good eye completely oc- 
cluded, the patient did not blink or flinch when an indirect 
ophthalmoscope light at its highest setting was held at a 
vertex distance of approximately 15 mm from the cornea of 
the blind eye. 

As Dr Weinstein pointed out, the figure was rotated 90°. 
We think that the rotation of the figure occurred in 
processing of the manuscript for publication. 

In response to Dr Nordan’s first question, we believe that 


there is, initially, some stromal swelling, which causes an $ 


increase in central thickness. After several weeks this 
swelling disappears, but additional time is required for the 
central epithelium to attain normal thickness. 

Regarding the use of cycloplegic refraction, we have 
found that the excimer laser ablation does not cause a 
“corneal knee” inside the dilated pupil, as demonstrated in 
the corneal topographic analysis (CMS, Computed Anat- 
omy Inc, New York, NY) of ablated eyes in all phases of the 
study to date, including blind eyes, partially sighted eyes, 
and fully sighted eyes. The changes in corneal curvature 
created by excimer laser ablation are very different from 
those resulting from keratomileusis. We have not observed 
a significant disparity between postoperative cycloplegic 
refractions and fogged (without cycloplegia) refractions in 
our patients undergoing excimer laser ablation. 

The disparity between the patient’s change in keratom- 
etry readings (3 D) and the change in refraction (5 D)isa 
common observation after refractive surgery. The kera- 
tometer measures curvature in only a small circular area of 
the central cornea, with the assumption that the curvature 
is consistent over the entire corneal surface. These readings 
are also based on the assumption that the refractive index 
of the cornea is unchanged and that the curvature of the 
posterior cornea remains the same. Certainly, some or all of 
these assumptions are invalid after refractive surgery. 
Thus, we frequently find that refraction and keratometry no 
longer correlate well in these patients.’ 

Finally, we have questioned all of our patients carefully 
about potential problems with night vision after this sur- 
gery and have received no complaints. Therefore, we are 
assuming that the 5-mm optical zone does not lead to visual 
distortions in dark or low-light conditions. 

The letter from Dr Nordan clearly highlights some of the 
differences between excimer laser ablation and radial kera- 
totomy or various keratomileusis procedures. Radial kera- 
totomy, in addition to its unpredictability, often produces a 
corneal knee and a gradual nonrefractible multifocal sur- 
face that may be difficult to evaluate and may cause prob- 
lems with pupillary dilatation. In our experience, kerato- 
mileusis often results in a very small effective optical zone, 
regardless of how the lens is made; in this procedure, the 
optical zone is easy to decenter, which produces visual 
symptoms, especially when the pupil is dilated. 

Our excimer laser ablation produces a 5.0-mm optical 
zone that is large, smooth, and regular. These optical zones 
are as large as those of most corneal transplants if the as- 
tigmatic graft edge is subtracted, and after excimer laser 
surgery, it is easy to do a meaningful and repeatable 
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refraction and to perform corneal topographic analysis on 


the ablated eyes. 
MARGUERITE B. MCDONALD, MD 


New Orleans, La 


x >. Walsh FB, Hoyt WF. The ocular signs of neurasthenia, hysteria, 
malingering, and the psychoses. In: Clinical Neuro-ophthalmology. 3rd ed. 
Baltimore, Md: Williams & Wilkins; 1969;3:2519-25387. 
2 KeaneJR. Hysterical hemianopia: the ‘missing half’ field defect. Arch 
Ophthalmot 1979:97:865-866. 
3. Arffa RC, Elyce SD, 
J Refract Surg. 1086;2:61-64. 


Busin M. Keratometry in epikeratophakia. 


American Academy of Ophthalmology’s 
Commitment to Eye Safety 


To the Editor—Drs Feist and Farber’ are to be commended 
on their editorial on “Ocular Trauma Epidemiology” in the 
April 1989 issue of the ARCHIVES. The recent interest in the 
yarea of eye injury prevention is a welcome development to 
those who hawe been involved in the area for a number of 
years. The questions posed by the editorial nicely summa- 
rize the most pertinent research needs. 

The American Academy of Ophthalmology has recently 
formed a committee on eye safety and sports ophthalmol- 
ogy to fecus attention on this very issue. Clearly, eye safety 
and the promotion of appropriate preventive measures is of 
great importance to the public as well as to every practic- 
ing ophthalmologist. The renewed emphasis on eye safety 
will require the assistance of ophthalmologists in every 
part of the country to achieve success. It is a challenge to 
theophthalmic community as a whole to be seen leading the 
campaign to eliminate all such unnecessary blindness. The 
recently created committee, while serving as a focus for ac- 
tivity within the Academy, asks for the cooperation of all 
ophthalmologists to achieve this goal. 

Louis D. P1zZARELLO, MD 
Southampton, NY 


1. Feist RM, Farber MD. Ocular trauma epidemiology. Arch Ophthalmol. 
1989;107:503-504. 


Will We Master the Humphrey Perimeter or Will the 
Humphrey Perimeter Master Us? 


To the Edifor.—‘“Even when testing of the field is auto- 
mated, interpretation is not” has been stated by Anderson.’ 
In regard to the editorial on automated perimetry by 
Wilensky in the February 1989 issue of the ARCHIVES,’ I 
must congratulate the author for his depth of knowledge in 
the visual field area. 

I believe we should be happy with Humphrey perimeters 
and Hamphrey technicians only after working with them 
ourselves for a while. Only in this way may we learn about 
automated perimetry’s fitness, where it can fool the specta- 
tor, where it is superior to Goldmann perimetry, where and 
with what kind of patient Goldmann perimetry is prefera- 
ble, and in which cases to perform and compare both types 
of examinations. 

Concerning the last, but not the least, sentence in the ed- 
itorial, “The most important computer is still the one in the 
ophthalmoiogist’s head,” I would like to report a case 
encountered in my practice that I feel illustrates this point. 

A 21-year-old woman complained of headache and during 
the visual field examination (the 30/2 threshold program on 
Humphrey perimeter) an upper temporal field loss was 
found in the right eye and a normal field in the left eye. She 
had been scheduled for computed tomography to rule out 
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the presence of a space-occupying lesion and was referred 
to our neuro-ophthalmological unit. On examination, the 
patient was found to have myopic astigmatism in the right 
eye, with visual acuity of 20/25. Visual aeuity was 20/20 OS 
without correction. There was no Marcus Gunn pupil. The 
ocular fundus of the right eye presented a small, oval- 
shaped disc with the longest diameter disposed vertically 
and nasally tilted. The lower nasal retina looked thinner 
and ectatic, and had increased visibility o? the choroidal 
vessel pattern. There were presumed differences in refrac- 
tion between the macula and the ectatic arza. 
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Fig 1.—The threshold 30/ 2 program of the Humphrey perimeter 
performed on the patient without minus additien. 


Fig 2.— The same 30/2 program performed immedately after the above 
perimetry but with —4.0 sphere addition. 
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I carried out the Humphrey threshold 30/2 program 
without and with a —4.0 sphere addition in front of the right 
eye (Figs 1 and 2). In the first analysis, the field of the right 
eye demonstrated an upper temporal field defect spreading 
over the nasal side of the vertical meridian. 

Figure 2 shows how in the repeated field analysis of the 
same eye on the same day the addition of the —4.0 sphere 
brought into focus the upper field on the ectatic lower ret- 
ina but blurred the lower part of the field on the superior 
nonectatic retina. 

Pseudotemporal field defects with inadequately corrected 
ectatic nasal retina have been described with previous 
methods of perimetric investigation,’ and, when the com- 
plete clinical picture is not considered, the same diagnostic 
pitfalls are not avoided by the best program of the Hum- 
phrey computed automated perimetry. 

We are indeed fortunate today to have available such so- 
phisticated instruments. However, we may end up looking 
like the sorcerer’s apprentice if we do not learn to master 
them. Nobody is perfect! 

RIRI S. MANOR, MD 
Petah Tiqva, Israel 


1. Anderson D. Perimetry With and Without Automation. St Louis, Mo: 
CV Mosby Co; 1987. 

2. Wilensky JT. Automated perimetry: how do we interpret the results? 
Arch Ophthalmol. 1989;107:185-186. 

3. Manor RS. Temporal field defects due to nasal tilting of dises. Ophthal- 
mologica. 1974;168:269-281. 


Diverticula; Diverticuli 


To the Editor.—You might want to file this under “nit pick- 
ing” or “hair splitting,” but for some reason it bothers me 
to see a Latin word used improperly ina well-written, well- 
edited publication. 

I refer to the use of the nonword “diverticuli” in the PHOTO 
ESSAY section on page 756 of the May 1989 issue of the 
ARCHIVES.' The correct plural form is “diverticula.” 

Diverticulum is a second-declension neuter noun, and the 
plural is formed by adding an a to the stem. I believe con- 
fusion arises because second declension masculine nouns 
are formed by adding i to the stem, eg, oculus, oculi; fundus, 
fundi; canaliculus, canaliculi. But diverticulum, diverticu- 
li??? No! 

All that aside, it was an interesting case and made a good 
point about apparent dacryocystitis in the face of a patent 
drainage system. 

JOHN F. Ferry, MD 
Covington, La 


1. Bullock JD, Goldberg SH. Lacrimal sac diverticuli. Arch Ophthalmol. 
1989;107:756. 


Editor's note: Dr Ferry is correct! 


Transient Hypopyon Following Primary or Adjunct Argon 
Laser Photocoagulation 


To the Editor.—We read with great interest the article by 
Johnson et al! in the May 1989 issue of the ARCHIVES. The 
authors list, as possible causes of the transient hypopyon in 
2 of their 30 patients, whom they managed with pars plana 
vitrectomy and silicone oil injection for complex retinal de- 
tachment, an exaggerated inflammatory reaction possibly 
related to the intensive panretinal laser endophotocoagula- 
tion and an exaggerated inflammatory reaction possibly due 
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to contaminants that might have been present in the 
silicone oil. 

I would like to point out reports in the literature of three 
cases of transient hypopyon following argon laser photoco- 
agulation of intraocular tissue.» All three cases of hy- » 
popyon followed intensive argon laser application to the iris 
for iridotomy, and two of the three cases were with 
documented rubeosis iridis associated with proliferative 
diabetic retinopathy. It seems, therefore, quite probable 
that the increased ocular inflammatory reaction due to the 
intensive panretinal laser endophotocoagulation and the 
inflammation associated with the pars plana vitrectomy 
with silicone oil injection might have been enough to cause 
hypopyon, even in the absence of any impurities in the sil- 
icone oil used. Additionally, the presence of a large amount 
of silicone oil occupying the intraocular space would have 
caused a concentration of fibrin and inflammatory cells in 
the remaining aqueous in the anterior chamber to further 
contribute to the development hypopyon. 

The three cases of hypopyon following argon laser iridot-+ 
omy were also successfully treated with corticosteroids." 

Donec H. Sum, MD, PHD 
Detroit, Mich 


1. Johnson RN, Flynn HW, Parel JM, Portugal LM. Transient hypopyon 
with marked anterior chamber fibrin following pars plana vitrectomy and 
silicone oil injection. Arch Ophthalmol. 1989;107:683-686. 

2. Cohen JS, Bibler L, Tucker D. Hypopyon following laser iridotomy. 
Ophthalmic Surg. 1984;15:604-606. 

3. Shin DH. Another hypopyon following laser iridotomy. Ophthalmic 
Surg. 1984;15:968. 


In Reply.—We appreciate the comments and additional 
references provided by Dr Shin. The differential diagnosis 
in our two cases included microbial endophthalmitis as wel] 
as an exaggerated inflammatory reaction related to pan- 
retinal laser endophotocoagulation or to contaminants in 
the silicone oil. Both patients developed marked anterior 
chamber fibrin as well as a prominent hypopyon following 
pars plana vitrectomy, laser endophotocoagulation, and 
silicone oil injection. Neither of these patients had preop- 
erative rubeosis iridis and neither received iris photocoag- 
ulation. 

A common standard of care in presumed microbial 
endophthalmitis is to obtain intraocular cultures and ad- 
minister intraocular and periocular antibiotics and ste- 
roids. In reviewing the literature on reported endoph- 
thalmitis cases following vitrectomy and silicone oil injec- 
tion, a consistent observation was made of purulent 
material in front of or below the silicone oil, as well as se- 
vere ocular pain. Although ocular pain did occur in one of 
our two patients, it was not characterized as severe, and the 
silicone oil remained clear with no posterior sequestered 
areas of purulence. Since it may be difficult and complicated 
to obtain intraocular cultures ina silicone oil-filled eye, this 
maneuver was not performed. Topical steroids and antibi- 
otics were administered hourly, and retraction of the ante- 
rior chamber fibrin was observed early in the subsequent 
course. 

We agree with Dr Shin that the transient hypopyon and 
marked anterior chamber fibrin were most likely caused by 
the intensive panretinal laser endophotocoagulation treat- 
ment and that the silicone oil limited the space available for 
an inflammatory response. 

ROBERT N. JOHNSON, MD 
JEAN-MARIE PAREL, ING ETS-G 
Harry W. FLYNN, JR, MD 
LOURDES M. PORTUGAL 

Miami, Fla 
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To 
Notch 


Levobunolol and timolol are 
equal in efficacy. Four years ofa 
double-masked clinical study 
comparing the two confirm that.* 


But that’s where the parity ends. 
Because only Betagan® has the 
C Cap™ Compliance Cap, and 
new data reveal the impact the 
cap has on compliance. 


In a one-month, open-label, 
noncomparative study with 130 
patients,** only 41.2% of the 
patients reported at baseline 
that they were taking their 
medication(s) 100% of the time 
as prescribed. At the final visit, 
following the use of C Cap, 67.2% 
reported 100% compliance. 


An increase of 63%-from baseline. 


Leaving the rest to you. Do your 
patients benefit from an accepted 
compliance-enhancing tool, 

or not? If so, just loek to Betagan. 
Just look to the top. 


* The Levobunolol Study Group. 
Levobunolol-A four-year study of efficacy 
and safety in glaucoma treatment 
Ophthalmol 1989;96(5 ):642°545. 


** Data on file, Allergan Pharmaceuticals. 
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Brief Summary of Prescribing Information 


INDICATIONS AND USAGE: BETAGAN Liquifilm sterile ophthalmic 
solution has been shown to be effective in lowering intraocular pres- 
sure and may be used in patients with chronic open-angle glaucoma 
or ocular hypertension. CONTRAINDICATIONS: BETAGAN is con- 
traindicated in those individuals with bronchial asthma or with a 
history of bronchial asthma, or severe chronic obstructive pulmo- 
nary disease (see WARNINGS); sinus bradycardia; second and third 
degree atrioventricular block; overt cardiac failure (see WARN INGS); 
cardiogenic shock; or hypersensitivity to any component of this 
product. WARNINGS: As with other topically applied ophthalmic 
drugs, BETAGAN may be absorbed systemically. The same adverse 
reactions found with systemic administration of beta-adrenergic 
blocking agents may occur with topical administration. For example, 
severe respiratory reactions and cardiac reactions, including death 
due to bronchospasm in patients with asthma, and rarely death in 
association with cardiac failure, have been reported with topical 
application of beta-adrenergic blocking agents (see CONTRA- 
INDICATIONS). Cardiac Failure: Sympathetic stimulation may be 
essential for support of the circulation in individuals with 
diminished myocardial contractility, and its inhibition by beta- 
adrenergic receptor blockade may precipitate more severe failure. 
In Patients Without a History of Cardiac Failure: Continued depres- 
sion of the myocardium with beta-blocking agents over a period 
of time can, in some cases, lead to cardiac failure. At the first sign 
or symptom of cardiac failure, BETAGAN should be discontinued. 
Non-allergic Bronchospasm: In patients with non-allergic bron- 
chospasm or with a history of non-allergic bronchospasm (e.g., 
chronic bronchitis, emphysema), BETAGAN should be administered 
with caution since it may block bronchodilation produced by endo- 
genous and exogenous catecholamine stimulation of beta, recep- 
tors. Major Surgery: The necessity or desirability of withdrawal of 
beta-adrenergic blocking agents prior to major surgery is controver- 
sial. Beta-adrenergic receptor blockade impairs the ability of the 
heart to respond to beta-adrenergically mediated reflex stimuli. This 
may augment the risk of general anesthesia in surgical procedures. 
Some patients receiving beta-adrenergic receptor blocking agents 
have been subject to protracted severe hypotension during 
anesthesia. For these reasons, in patients undergoing elective sur- 
gery, gradual withdrawal of beta-adrenergic receptor blocking agents 
may be appropriate. If necessary during surgery, the effects of beta- 
adrenergic blocking agents may be reversed by sufficient doses of 
such agonists as isoproterenol, dopamine, dobutamine or levar- 
terenol (see OVERDOSAGE). Diabetes Mellitus: Beta-adrenergic 
blocking agents should be administered with caution in patients 
subject to spontaneous hypoglycemia or to diabetic patients 
(especially those with labile diabetes) who are receiving insulin or 
oral hypoglycemic agents. Beta-adrenergic receptor blocking agents 
may mask the signs and symptoms of acute hypoglycemia. Thyrotox- 
icosis: Beta-adrenergic blocking agents may mask certain Clinical 
signs (e.g., tachycardia) of hyperthyroidism. Patients suspected of 
developing thyrotoxicosis should be managed carefully to avoid 
abrupt withdrawal of beta-adrenergic blocking agents which might 
precipitate a thyroid storm. Contains sodium metabisulfite, a sul- 
fite that may cause allergic-type reactions including anaphylactic 
symptoms and life-threatening or less severe asthmatic episodes in 
certain susceptible people. The overall prevalence of sulfite sensi- 
tivity in the general population is unknown and probably low. Sulfite 
sensitivity is seen more frequently in asthmatic than in nonasthmatic 
people. PRECAUTIONS: General: BETAGAN® (levobunolol HCl) 
0.5% Liquifilm® sterile ophthalmic solution should be used with 
caution in patients with known hypersensitivity to other beta- 
adrenoceptor blocking agents. Use with caution in patients with 
known diminished pulmonary function. In patients with angle- 
closure glaucoma, the immediate objective of treatment is to reopen 
the angle. This requires constricting the pupil with a miotic. 
BETAGAN has little or no effect on the pupil. When BETAGAN is 
used to reduce elevated intraocular pressure in angle-closure 
glaucoma, it should be used with a miotic and not alone. Muscle 
Weakness: Beta-adrenergic blockade has been reported to potenti- 
ate muscle weakness consistent with certain myasthenic symptoms 
(e.g., diplopia, ptosis and generalized weakness). Drug Interactions: 
BETAGAN should be used with caution in patients who are receiving 
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a beta-adrenergic blocking agent orally, because of the potential for 
additive effects on systemic beta-blockade. Although BETAGAN used 
alone has little or no effect on pupil size, mydriasis resulting from 
concomitant therapy with BETAGAN and epinephrine may occur. 
Close observation of the patient is recommended when a beta->, 


blocker is administered to patients receiving catecholamine-* 


depleting drugs such as reserpine, because of possible additive 
effects and the production of hypotension and/or marked 
bradycardia, which may produce vertigo, syncope, or postural 
hypotension. Animal Studies: No adverse ocular effects were 
observed in rabbits administered BETAGAN topically in studies last- 
ing one year in concentrations up to 10 times the human dose con- 
centration. Carcinogenesis, mutagenesis, impairment of fertility: 
In a lifetime oral study in mice, there were Statistically significant 
(P < 0.05) increases in the incidence of benign leiomyomas in female 
mice at 200 mg/kg/day (14,000 times the recommended human dose 
for glaucoma), but not at 12 or 50 mg/kg/day (850 and 3,500 times 
the human dose). In a two-year oral study of levobunolol HCI in 
rats, there was a statistically significant (p < 0.05) increase in the 
incidence of benign hepatomas in male rats administered 12,800 
times the recommended human dose for glaucoma. Similar differ- 
ences were not observed in rats administered oral doses equivag 
lent to 350 times to 2,000 times the recommended human dose for 
glaucoma. Levobunolol did not show evidence of mutagenic activity 
ina battery of microbiological and mammalian in vitro and in vivo 
assays. Reproduction and fertility studies in rats showed no adverse 
effect on male or female fertility at doses up to 1,800 times the recom- 
mended human dose for glaucoma. Pregnancy Category C: Feto- 
toxicity (as evidenced by a greater number of resorption sites) has 
been observed in rabbits when doses of levobunolol HC] equiva- 
lent to 200 and 700 times the recommended dose for the treatment 
of glaucoma were given. No fetotoxic effects have been observed 
in similar studies with rats at up to 1,800 times the human dose for 
glaucoma. Teratogenic studies with levobunolol in rats at doses up 
to 25 mg/kg/day (1,800 times the recommended human dose for 
glaucoma) showed no evidence of fetal malformations. There were 
no adverse effects on postnatal development of offspring. It appears 
when results from studies using rats and studies with other beta- 


adrenergic blockers are examined, that the rabbit may be a particu- + 


larly sensitive species. There are no adequate and well-controlled 
studies in pregnant women. BETAGAN should be used during preg- 
nancy only if the potential benefit justifies the potential risk to the 
fetus. Nursing Mothers: It isnot known whether this drug is excreted 
in human milk. Systemic beta-blockers and topical timolol maleate 
are known to be excreted in human milk. Caution should be exer- 
cised when BETAGAN is administered to a nursing woman. Pediatric 
Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: In clinical trials the use of BETAGAN has 
been associated with transient ocular burning and stinging in about 
one in four patients, and with blepharoconjunctivitis in about one 
in 20 patients. Decreases in heart rate and blood pressure have been 
reported occasionally (see CONTRAINDICATIONS and 
WARNINGS). The following adverse effects have been reported rare- 
ly with the use of BETAGAN: Iridocyclitis, headache, transient ataxia, 
dizziness, lethargy, urticaria and pruritus. Decreased corneal sensi- 
tivity has been noted in a small number of patients. Although 


levobunolol has minimal membrane-stabilizing activity, there - 


remains a possibility of decreased corneal sensitivity after prolonged 
use. The following additional adverse reactions have been report- 
ed with ophthalmic use of beta, and beta, (non-selective) adrener- 
gic receptor blocking agents: BODY AS A WHOLE: Headache. 
CARDIOVASCULAR; Arrhythmia, syncope, heart block, cerebral vas- 
cular accident, cerebral ischemia, congestive heart failure, palpita- 
tion. DIGESTIVE: Nausea. PSYCHIATRIC: Depression. SKIN: Hyper- 
sensitivity, including localized and generalized rash. RESPIRATO- 
RY: Bronchospasm (predominantly in patients with pre-existing 
bronchospastic disease), respiratory failure. ENDOCRINE: Masked 
symptoms of hypoglycemia in insulin-dependent diabetics (see 
WARNINGS). SPECIAL SENSES: Signs and symptoms of keratitis, 
blepharoptosis, visual disturbances including refractive changes 
(due to withdrawal of miotic therapy in some cases), diplopia, ptosis. 
Other reactions associated with the oral use of non-selective adrener- 
gic receptor blocking agents should be considered potential effects 
with ophthalmic use of these agents. 
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Case Reporis 





Laser Capsulotomy Through 
intraocular Lens Positioning 
Holes in Anterior Aqueous 
Misdirection 





To the Edzor.—Abnormalities in 
aqueous circulation (ie, pupillary 
block, aqueous misdirection) are 
known to occur following cataract sur- 
gery, with or without lens implanta- 
tion, and with or without 
Recently, aqueous 
misdireetion has been redefined as a 
clinical spectrum that ranges from an 
anterior (retrocapsular) variety to the 
more classical posterior (intravitreal) 
form, commonly known as malignant 
glaucoma.2 Whereas the posterior 
form often requires aggressive treat- 
ment, such as neodymium (Nd)-YAG 
laser vitreolysis or pars plana vitrec- 
tomy, the anterior form can be man- 
aged by simple Nd-YAG laser 
capsulotomy. 

In the absence of an intraocular lens 
(IOL), capsulotomy immediately es- 
tablishes communication between the 
posterior and anterior chambers. 
However, with pseudophakia, an effec- 
tive capsularopening must be outside 
the boundaries of the lens optic. To 
perform a capsulotomy in this loca- 


Fig 1.—Top, Initial anterior chamber appear- 
ance. Bottom, Anterior chamber after cyclo- 
plegia and laser iridatomy. 
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tion, adequate mydriasis is required, 
which cannot always be achieved. Al- 
ternatively, we have found that capsu- 
lotomy done through the positioning 
holes of the IOL can be equally effec- 
tive. 


Report of a Case.—A 60-year-old woman 
underwent uneventful extracapsular cata- 
ract extraction, with posterior chamber 
IOL implantation and peripheral iridecto- 
my, for the treatment of phacomorphic 
glaucoma in her right eye. A +29.00-diopter 
Sinskey-style posterior chamber lens with 
angulated loops was used. This eye had a 
normal recovery. A prophylactic Nd-YAG 
laser iridotomy was performed in the left 
eye because the angle was found to be 
occludable. Eight months later, the left eye 
was operated on for a mature cataract us- 
ing the same technique and the same style 
and power of IOL. A peripheral iridectomy 
was also done. Approximately 1 month 
later, the patient was found to have shal- 
lowing of the left anterior chamber, and the 
intraocular pressure was 22 mm Hg (Fig 1, 
top). With cycloplegic therapy and a second 
Nd-YAG laser iridotomy, there was tempo- 
rary improvement in the intraocular pres- 
sure and a slight deepening of the anterior 
chamber (Fig 1, bottom). 

Ten months later, the intraocular pres- 
sure was found to be 30 mm Hg OS with re- 
current shallowing of the anterior chamber 
(Fig 2, top). All three iris openings (one 
surgical and two laser) were found to be 


Fig 2.—Top, Recurrence of anterior chamber 
shallowing. Bottom, Deep anterior chamber 
following capsulotomy through intraocular lens 
positioning holes. 





patent; hence, aqueous misdirection was 
suspected. Neodymium-Y AG laser capsulo- 
tomy was not possible because of poor my- 
driasis, even after argon laser pupilloplas- 
ty. Therefore, capsulotomy through the po- 
sitioning holes was attempted and resulted 
in a slight deepening of the chamber. How- 
ever, 3 months later the chamber was found 
to be shallow again and the intraocular 
pressure was 54 mm Hg. Neodymium-YAG 
laser capsulotomy through the positioning 
holes was repeated, this time resulting in a 
dramatic deepening of the anterior cham- 
ber (Fig 2, bottom) and normalization of the 
intraocular pressure without medication. 


Comment.—Neodymium-YAG laser 
posterior capsulotomy has been shown 
to be a successful alternative to iridec- 
tomy in selected cases of aphakic and 
pseudophakic pupillary block.’ In this 
posterior form of pupillary block, or 
anterior aqueous misdirection, aque- 
ous accumulates im the retrocapsular 
space, displacing the capsule-iris dia- 
phragm anteriorly and the anterior 
hyaloid posteriorly.’ Iridotomy in such 
a situation is either not possible or is 
ineffective Alternatively, capsulot- 
omy has been shown to be a simpler 
and equally successful form of treat- 
ment, but only if done in areas that are 
not covered by the lens optic. In our 
patient, the only aecessible areas of the 
capsule were those visualized through 
the positioning holes. Treatment of 
these areas has proved to be as effec- 
tive as capsulotomy elsewhere. 

It is noteworthy, however, that the 
small capsular opening thus produced 
may become occluded by vitreous, 
which is often seen mushrooming into 
the anterior chamber after treatment. 
Therefore, it may be necessary to re- 
peat laser treatment. 

Since the writing of this report, we 
have had the chance to treat two other 
similar cases with equal success. 

Josz MIGUEL Risco, MD 
KARM F. ToMEY, MD 
Topp W. PERKINS, MD 
Riyadh, Saudi Arabia 


1. Tomey KF, Senf: SH, Antonios SR, et al. 
Aqueous misdirection and flat chamber after pos- 
terior chamber implants with and without trab- 
eculectomy. Arch Ophthalmol. 1987;105:770-773. 

2. Tomey KF, Traverso CE, Antonios SR, Senft 
SH, Shammas IV, Shihab ZM. Mechanisms of pu- 
pillary block. Arch Ophthalmol. 1988;106:167. 

3. Tomey KF, Traverso CE. Neodymium-YAG 
laser posterior capsuletomy for the treatment of 
aphakic and pseudophakic pupillary block. Am J 
Ophthalmol. 1987;104:502-507. 
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Metastatic Retinoblastoma 





To the Editor.—Metastatic retinoblas- 
toma is relatively uncommon in devel- 
oped nations.'* Historically, this ocu- 
lar neoplasm was uniformly fatal; 
however, early diagnosis and treat- 
ment have markedly decreased tumor- 
related mortality. In major US ocular 
oncology centers second malignancies 
cause more deaths than metastases in 
germinal mutation cases; overall, less 
than 12% of patients develop wide- 
spread retinoblastoma.’ 

Extraocular retinoblastoma is often 
difficult to diagnose, especially if it 
does not involve cranial structures. 
Most extraocular retinoblastomas are 
noted at the time of the initial eye tu- 
mor diagnosis and involve the contig- 
uous orbit or brain.*° Isolated involve- 
ment of bone marrow is uncommon.** 
Unlike intraocular tumors that are 
usually calcified, calcification is not 
seen in metastatic deposits. In other 
body locations, the small, round reti- 
noblastoma cells are not readily dif- 
ferentiated from other childhood ma- 
lignancies, such as neuroblastoma, 
rhabdomyosarcoma, lymphoma, or 
Ewing’s sarcoma. 

A number of advances in immuno- 
histology may help increase diagnostic 
accuracy in cases of extraocular 
retinoblastoma.”” We report meta- 
static retinoblastoma isolated to the 
bone marrow that was confirmed using 
these techniques. 


Report of a Case.—The patient presented 
with nonfamilial bilateral retinoblastomas 
at 6 months of age. She was the product of 
a normal pregnancy, complicated by an 
emergency cesarean section because of de- 
creased fetal heart rate with low Apgar 
scores noted at birth. At 4 days of age, the 
patient developed meningitis that re- 
sponded to antibiotic therapy. She had poor 
weight gain and delayed motor develop- 
ment. At 3 months of age, the patient 
developed strabismus and her local oph- 
thalmologist noted a left macular retino- 
blastoma. The patient was examined at the 
University of California, San Francisco, in 
February 1985. The left eye revealed a mac- 
ular tumor approximately 9 X 9 X 6 mm in 
size. There was a tumor in the right eye ap- 
proximately 10 mm superior to the disc that 
was approximately 6 X 5 X 4.5 mm. No cal- 
cification was noted. The metastatic evalu- 
ation, which included cerebral spinal fluid 
cytology, bone scan, bone marrow biopsies, 
and serum chemistries, was unremarkable. 
A computed tomographic scan of the brain 
revealed intraocular masses without calci- 
fication; no other abnormalities were noted. 
Chromosomal studies demonstrated a dele- 
tion of 13q14. 

The child received 45 Gy of lateral port 4- 
MeV photon irradiation for a 6-week period 
between February and April 1985, and the 





Fig 1.—Abnormal clusters of small round cells in aspirate and infiltrating the bone marrow (he- 


matoxylin-eosin, X400). 





Fig 2.—Retinoblastoma cells stained with a murine antiretinoblastoma monoclonal antibody (im- 


munofluorescence, X 100). 


tumors regressed in a mixed cottage cheese 
pattern. One year later the tumor, 8 mm 
superior to the right disc, regrew to 
10 X 8 X 5 mm. The child was treated with 
36 Gy of I plaque irradiation and the tu- 
mor completely regressed. A repeated met- 
astatic evaluation was negative. 

Five months later, an area of diaphanous, 
white tumor, 2X 2X1 mm in size, was 
noted in the area treated with a plaque. It 
was treated with triple freeze-thaw cryo- 
therapy. Seven months later, a small recur- 
rence, approximately 0.75 mm}, with over- 
lying hemorrhage, was noted and this was 
treated again with triple freeze-thaw cryo- 
therapy. The following month this recur- 
rent tumor was approximately 7.5 x 
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7.5 X 3.5 mm. Enucleation was recom- 
mended; however, retreatment with a sec- 
ond '*I brachytherapy plaque (31 Gy) was 
elected. A complete metastatic evaluation 
was again performed and was negative. One 
month later, the tumor was completely flat. 

Three months later, a right vitreous hem- 
orrhage was noted. The following month 
the right eye became painful, with an in- 
traocular pressure of 66 mm Hg. The results 
of a computed tomographic scan were un- 
changed except for opacification of the right 
vitreous. A metastatic evaluation was neg- 
ative. The eye was enucleated and on histo- 
logic examination there was a large recur- 
rent tumor filling approximately one third 
of the vitreous cavity. The tumor was poorly 
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differentiated, and both necrosis and hem- 
orrhage were present. Retinoblastoma cells 
infiltrated the prelaminar portion of the 
optic nerve; they did not extend posteriorly 


and there was no evidence of massive cho- 


roidal invasion. 

Seven months later, the patient pre- 
sented with a 1-month history of lethargy, 
anorexia, weight loss, and behavioral re- 
gression. An elevated serum lactic dehydro- 
genase level (>2500 IU/mL) was noted. The 
results of cerebral spinal fluid cytology, a 
brain scan, a chest-abdominal computed 
tomographic sean, isotope bone scans, anda 
urinary catecholamine secretion test, in- 
cluding vanillymandelic acid levels, were 
normal. Bene marrewaspirates and biopsy 
specimens showed abnormal small round 
cells in clusters that were suspicious for 
malignancy (Fig 1). 

As previously described, we have devel- 
oped five murine monoclonal antibodies 
that are reactive with retinoblastoma. The 
bone marrow smear was studied with one of 
these antiretinoblastoma murine mono- 
clonal antibodies, 25Ħ:8C. Immunofluores- 
cence demonstrated positive staining of 
abnormal cells(Fig2). Unrelated bone mar- 
row was used as a negative control, and 
showed no#fluorescence or autofluorescence. 

The 2-5H:8C binds to approximately 60% 
of the retinoblastoma tissue culture or of 
fresh cells. Immunofluorescent staining 
fresh retinoblastoma cells reveals that 2- 
5H:8C€ binds in a ring fashion, indicating 
the antigen is a cell-surface protein. It does 
not bind to autologous fibroblasts, periph- 
eral lymphocytes, fetal retinal, neuroblas- 
toma. uveal melanoma, or formaldehyde 
solution-fixed paraffin-embedded retino- 
blastoma sections. 

On Western blot analysis, the antigen 
that 2-5H:8C binds to has a molecular 
weight of 40601 d (DIC., S.K.-M., E.E., un- 
published observations, 1988). 

In cell-cycle studies of three cultured 
retinoblastoma lines, double staining with 
2-5H:8C (green) and propidium iodide (a 
red DNA stain) showed no correlation be- 
tween the cell-cycle stage and 2-5H:8C an- 
tigen expression. 

Leukocyte common antigen stains were 
negative. Neuron-specific enolase staining 
of abnermal bone marrow cells in a plastic- 
embedded biopsy specimen was positive." 

The child is currently being treated with 
multiple drugchemotherapy, including vin- 
cristine sulfate, doxorubicin hydrochloride 
(Adriamycin), cyclophosphamide (Cytox- 
an), cisplatin, and etoposide. 

Comment.—The diagnosis of extra- 
eranial retinoblastoma can be diffi- 
eult. Mest extraocular retinoblasto- 
mas oecur in the optic nerve, orbit, or 
brain; in many cases this spread is 
noted at the time of the initial ocular 
diagnosis. Extraocular retinoblastoma 
cells are not distinguishable from 
othersmall, round cell tumors on stan- 
dard light microscopy, and this pre- 
sents a significant diagnostic problem 
in cases where the metastases are ex- 
tracranial since rhabdomyosarcoma, 
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neuroblastoma, lymphoma, and 
Ewing’s sarcoma can all occur in this 
age group. The problem is further 
complicated by the observation that 
more children with germinal mutation 
retinoblastoma die of second malig- 
nancies than metastases, although in 
our patient’s age group the most com- 
mon tumor is osteosarcoma, which has 
a different clinical pattern.’ 

In this study, we demonstrated that 
both monoclonal antibodies directed 
toward retinoblastoma antigens and 
standard immunohistological studies 
for neuron-specific enolase can be use- 
ful in the diagnosis of metastatic reti- 
noblastoma. In another patient with 
metastatic retinoblastoma whom we 
recently examined, 60% of the cells 
were positive with our monoclonal an- 
ti-retinoblastoma antibody (D.C., 
S.K.-M., E.E., unpublished observa- 
tions, 1989). 

A number of investigators have 
shown that retinoblastoma cells often 
express a number of antigens and 
characteristic proteins, including 
retinoblastoma-associated antigens, 
neuron-specific enolase, tumor-associ- 
ated antigens, S-antigen, and inter- 
photoreceptor binding protein.’*’'» 
Retinoblastoma-associated antigens 
have not been precisely characterized. 
In some studies there has been cross- 
reactivity with neuroblastoma; how- 
ever, our monoclonal antibodies do not 
appear to cross-react with other tu- 
mors or fetal retina.’ Similarly, while 
neuronal-specific enolase can be ex- 
pressed on other neuronal cells, it has 
not been observed on other nonneu- 
ronal tumors, and it is a useful marker 
for metastatic retinoblastoma if neu- 
roblastoma can be excluded by other 
studies, such as computed tomography 
of the body, bone scans, and vanillyl- 
mandelic acid analysis.'*° 

It is important to correctly diagnose 
metastatic retinoblastoma since re- 
cent studies have demonstrated that 
this stage of disease can be cured in 
some cases with aggressive chemo- 
therapy.’ 

DEVRON CHAR, MD 
SHAWNYA KALETA-MICHAELS 
ELAINE ENGMAN, MD 

San Francisco, Calif 
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Lisch Nodules in 
Neurofibromatosis Type 2 





To the Editor.—Lisch nodules (pig- 
mented iris hamartomas) are one of 
the diagnostic features of neurofibro- 
matosis type 1 (NF-1, previously 
known as von Recklinghausen’s dis- 
ease or peripheral neurofibromatosis). 
The neurofibromateses are a heteroge- 
neous group of diseases but with two 
distinct forms: NF-1, characterized by 
multiple café au lait spots, peripheral 
neurofibromas, anc Lisch nodules; and 
NF-2 (previously known as central 
neurofibromatosis}, where café au lait 
spots and peripheral neurofibromas 
are absent or few, but the defining fea- 
ture is the presence of bilateral acous- 
tic neuromas. Currently accepted di- 
agnostic criteria’ are more stringent 
than in the past, and it is now appar- 
ent that acoustic neuromas rarely oc- 
cur in NF-1. Lisch nodules are found in 
93% of adults with NF-1? but have not 
previously been described in NF-2. 
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Stereophotograph of right iris showing six 
Lisch nodules in the inferotemporal quadrant. 


Report of a Case.—We recently examined 
a patient with NF-2 who had multiple Lisch 
nodules in one eye. He presented, aged 47 
years, with right-sided deafness and pro- 
gressive ataxia. He had a history of left- 
sided deafness since age 20 years and had 
had a thoracotomy for resection of a gan- 
glioneuroma attached to the right sympa- 
thetic chain at age 37 years. There was no 
family history of NF or severe hearing loss, 
although his deceased father had become 
partially deaf in old age. His mother and 
father were aged 21 and 29 years, respec- 


tively, at his birth. He has two children. His 
mother, two siblings, and son were unavail- 
able for examination but were said to be 
well. Only his daughter was available for 
examination. 

General examination of the patient 
showed no café au lait spots, axillary freck- 
ling, or peripheral neurofibromas. Audiom- 
etry revealed bilateral sensorineural deaf- 
ness, and a magnetic resonance imaging 
scan showed the appearance of bilateral 
acoustic neuromas. Suboccipital excision of 
the right acoustic neuroma was performed. 
There was a right-sided facial nerve palsy 
postoperatively, and the patient was re- 
ferred to the eye department for consider- 
ation of a lateral tarsorrhaphy. Multiple 
slightly raised, dome-shaped, light-brown 
lesions, typical of Lisch nodules, were noted 
in the inferotemporal quadrant of the right 
iris (Figure); the left iris was normal. 
There were early nuclear lens opacities in 
each eye but funduscopy findings were 
normal. 

His daughter had no skin stigmata of NF 
but had a small, slightly raised, dome- 
shaped, yellow lesion on the right iris, 
which may have been an early stage of a 
Lisch nodule. Audiometry results were nor- 
mal, and she has declined further investi- 
gations. 


Comment.—Neurofibromatosis type 
1 and NF-2 are distinct autosomal 
dominant conditions, the NF-1 gene 
having been localized to chromosome 
17, whereas the NF-2 locus is on chro- 
mosome 22. Both disorders are associ- 
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ated with abnormalities in tissues of 
neural crest origin, and since they can 
have similar cutaneous manifesta- 
tions, there seems no reason why Lisch 


nodules, composed of melanocytes and / 


thus presumed to be of neural crest 
origin, should not also occur in NF-2. 
This patient had six unilateral Lisch 
nodules. In NF-1, unilateral Lisch nod- 
ules have been described in children,’ 
but they tend to be bilateral in adults. 
Unilateral Lisch nodules have also 
been described in a case of segmental 
NF, where café au lait spots and neu- 
rofibromas are limited to a circum- 
scribed body segment. 

Lisch nodules are considered a 
pathognomonic and definitive feature 
of NF-1, but it now seems that occa- 


sionally they can also be a feature oM 


NF-2. 
S. J. CHARLES, FRCS (GAs) 
A. T. Moore, FRCS 
J. R. W. YATES, MRCP 
M. A. FERGUSON-SMITH, FRS 
Cambridge, England 
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O Haptic stability —PMMA memory provides improved centration* 
O Biological stability __all-PMMA material equals greater biocompatibility 
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Microlase 


THE FIRST 
TRANSPUPILLARY DIODE LASER, 
AND REVOLUTIONIZE 
OPHTHALMOLOGY 
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Microlase is a brand new and 
exciting development by Keeler 
which is utilizing the very latest 
in laser diode technology to bring 
the Ophthalmologist the first 
truly portable, efficient and 
affordable diode laser designed 
for retinal photocoagulation and 
laser trabeculoplasty. 


The Keeler Microlase is a self-contained unit weighing 
less than 10 pounds and utilizes an invBible wavelength 
of 810nm. Dielectric filters are utilized %0 protect the 
physician. A mechanical shutter system is not neces- 
sary and the physician visualizes an uninterrupted view 
of the retina during treatment. 


The Keeler Microlase requires no specia’ electrical or 
cooling facilities and easily attaches to the tonometer 
plate of any Haag Streit or Topcon SL3E slit lamp 
making this innovative laser entirely portable. 


Keeler Instruments, innovators in optical technology 
for the Ophthalmologist will introduce Microlase at 
the A.A.O. In New Orleans. We invite yeu to visit and 
discover personally how the development of diode 
technology for transpupillary photocoagulation will 
revolutionize the future of lasers in oph'halmology. 
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Senate Finance Committee Proposes Middle Ground for 


- Physician Payment Reform 


Washington, DC—The Senate Finance Committee’s pro- 
posal for advisory volume guidelines as an alternative to 
expenditure targets' for physician payment reform was 
adopted by the committee on October 2. 

The proposal is a middle ground between the House Ways 
and Means Committee’s proposal calling for automatic fee 
adjustments if physicians exceed expenditure targets,' and 
the House Energy and Commerce Committee’s proposal es- 
tablishing a new Medicare fee schedule based on the Hsiao 
study’s Resource-Based Relative Value Scale (RBRVS).?° 

The Senate’s proposal is part of a physician payment re- 
form package that is attached to the committee’s 1990 bud- 
get recommendations. Authors Senator Jay Rockefeller (D, 
WVa) and Senator David Durenberg (R, Minn) developed a 
Medicare volume performance standard instead of an 
expenditure target and proposed to limit its impact by stip- 
ulating that the consequences of exceeding the standard 
could never be greater than a freeze on fees.‘ The plan would 
begin to phase in a new Medicare fee schedule on January 
1, 1992, and eventually would prohibit physicians from bill- 
ing patients more than 115% of the Medicare fee. More than 
$3.5 billion of Medicare spending curbs are being proposed. 
About $1 billion of these will affect physicians through a 
freeze on most Medicare fees. 

Under the proposal, physician pay reforms would 

e Mandate use of the RBRVS to develop a Medicare fee 
schedule to be phased in over 5 years beginning on January 
1, 1992; 

e Adjust fees for regional differences in practice over- 
head but not for cost of living (a specialty- and locality- 
specific adjustment for cost of professional liability insur- 
ance would be included); 

è Establish an annual Medicare volume performance 
standard identifying the increase the government believes 
should occur in physician spending; 

@ Set a national 1990 standard at 0.5% less than spend- 
ing is projected to increase without a medicare volume per- 
formance standard. A separate standard for surgical ser- 
vices would be created for certain specialties, procedures, 
and geographic areas; 

e Establish fees at 110% of the amount that would oth- 
erwise apply in rural and urban areas where a shortage of 
physicians exists; 

è Require physicians to make assignments on patients 
who are eligible for Medicaid benefits or whose Medicare 
premiums and copayments are paid by Medicaid; 

e Limit nonparticipating physicians’ charges to 125% of 
the fee schedule amount in 1992, 120% in 1993, and 115% in 


Michael D. Springer, Section Editor 
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1994. Require physicians to submit all claims, whether the 
bill was assigned or not.‘ 

The committee recommends that all physicians’ fees be 
frozen until April 1, 1990. After that date, primary care 
visits would get the full updated increase permitted by the 
Medicare economic index, a predicted 5.3% in 1990. Fees for 
other services would remain frozen. 

In addition, fees for 36 so-called overpriced procedures 
that have current prevailing charges exceeding the ex- 
pected RBRVS by 10% or more would be reduced by up to 
15%. Under the RBRVS, a cataract removal and insertion 
of intraocular lens with a current prevailing rate of $1467.10 
would be reduced by 20.7% to $1163.30.’ Procedure and geo- 
graphic reductions would vary. Radiology services would be 
cut by 4%, with the actual reduction dependent on how cur- 
rent fees in the area compare to the national average. An- 
esthesiology payments would be based on actual time rather 
than 15-minute intervals. Clinical laboratory fees would 
increase by 2% and local fee schedules for laboratory ser- 
vices would be capped at 95% of the national median. New 
physicians’ customary charges would be limited to 80% of 
the prevailing charge in the first year of practice and 
brought up to 100% over 4 years. Procedures performed by 
more than one specialty would be capped at the rate of the 
specialty indicated by the Department of Health and 
Human Services. Payments to physiciams and hospitals 
would be delayed for 16 days instead of the current 14 days.‘ 

The committee’s plan has earned the applause of both the 
supporters and opponents of expenditure targets, although 
the Bush Administration is reportedly “mad as hell” over 
some of the last-minute changes. The American Medical 
Association (AMA), one of the most vocal objectors to ex- 
penditure targets, is satisfied with the plan. AMA Executive 
Vice President James H. Sammons, MD, praised Senator 
Rockefeller for showing that “he clearly wants to do what 
is best for patients and caring physicians.” 

JULIE FOREMAN 
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Book Reviews 


Edited by Daniel M. Albert, MD 


Yearbook of Ophthalmology 1988, 
edited by J. Terry Ernest and Thomas A. 
Deutsch, 268 pp, with black-and-white il- 
jus, Chicago, lll, Year Book Medical Pub- 
lishers Inc, 1988, $44.95. 


The problem of managing the oph- 
thalmolegic literature is worsening. 
Finding the diminishing number of 
articles relevant te the “general prac- 
tice” of ophthalmelogy has become a 
chore. Most articles in refereed jour- 
nals outside my subspecialty seem dif- 
ficult to understand. With minor res- 
ervations, I can recommend the Year- 
book of Ophthalmology 1988 as a 
. valuable aid. 


p LL 

“ _.] plan to add this to my 
yearly reading and recommend the 
same to others.” 





The chapters of the Yearbook of 
Ophihalmology 1988 are the expected 
subdivisions of ophthalmology (cor- 
nea, retina, etc). Each chapter is in- 
troduced by an essay on a special topic 
by an expert im the field from the Chi- 
cago area. Following this, there is a 
collection of summaries of articles 
gleaned from a very broad literature 
with some appropriate comments by 
Drs Ernest or Deutsch. The job they 
have taken on is enermous, and one can 
forgive them those summaries that 
read very much like a rewording of the 
abstract that appeared within the 
original journal article with some 
added discussion. Many of the reviews 
are cut from new cloth and show seri- 
ous analysis of the often complex and 
tedieus results of the article. It would 
be hard to tell if every pivotal article in 
every field has been reviewed, but al- 
most all are important and interest- 
ing. A rare article seems to be a less 
successful contribution and may have 
been included to clear the palate dur- 
ing this rich meal. 

The reader of this and every book 
review should be reminded that it is 
difficult not to have certain fondness 
for a finished boek. Acknowledging 
this, I plan to add this to my yearly 
reading and recommend the same to 
others. I found it easy to read a well- 
defined portion of this book during my 
spare mements. During a 2-week pe- 
riod, I completed the book with ease. In 
doing so, I learned a great deal of new 
material directly applicable to my 
practice and felt for the first time in a 
while that I had been exposed to most 
of the active topics in ophthalmology. 

Dow C. BIENFANG, MD 
Boston, Mass 
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The Ophthalmic Assistant: Funda- 
mentals and Clinical Practice, 5th ed, 
by H. A. Stein, B. J. Slatt, and R. M. Stein, 
923 pp, with 975 black-and-white illus 
and 10 color illus, St Louis, Mo, CV Mosby 
Co, 1988, $43.95. 


In the last few years, the demand for 
well-trained ophthalmic personnel has 
increased dramatically. Ophthalmolo- 
gists have become increasingly aware 
that the trained assistant can make a 
great difference in office efficiency, giv- 
ing the physician more time to devote 
to patient care. The fifth edition of The 
Ophthalmic Assistant has been up- 
dated to keep abreast of both the 
changing pace of technology in oph- 
thalmology and the specific needs of 
the assistant. 

Nine chapters have been added. 
There are two chapters on automated 
instrumentation and one on the use of 
computers in office management. An 
excellent review chapter is included on 
cardiopulmonary resuscitation. This is 
helpful for the assistant since current 
certification is required as part of the 
recertification process. An introduc- 
tory chapter on advances in diagnostic 
testing and one on instrument main- 
tenance are useful. The four chapters 
dealing with various aspects of ocular 
surgery have been expanded, provid- 
ing valuable information for the sur- 
gical assistant. There are clear head- 
ings in this edition, the content is well 
organized, and, for the most part, de- 
scriptions are concise, thereby making 
learning a logical process. 


allt ett St EE er 
“ the demand for well-trained 


ophthalmic personnel has in- 
creased dramatically.” 


The expanded appendix, which in- 
cludes common ocular expressions in 
various languages, is a helpful addi- 
tion. The atlas of common eye disor- 
ders has also been expanded, with 
some previously confusing photo- 
graphs discarded; the difference be- 
tween a dermoid and a pterygium is 
now much more apparent. Color pho- 
tographs would make this section even 
more valuable. 

However, there is still a discrepancy 
in the manner in which the material is 
covered. The contact lens chapter, for 
example, is comprehensive and serves 
as an excellent overview. In contrast, 
some of the basic science material is 
narrow in scope and excessively tech- 
nical. A reference section at the end of 
each chapter would be most helpful. 
There are a number of typographical 


errors and a major error in a drawing. 
Also, the heading, “lems, ciliary body, 
and choroid” should read “‘iris, ciliary 
body, and choroid.” This may be a 
small issue in a book with so much 
helpful information, but as this book is 
being considered the standard text for 
ophthalmic assistants, such errors 
should not occur. 

A. FRANCES WALONKER, CO, COMT 

Los Angeles, Calif 


Eye Movement Disorders, edited by 
E. A.C. M. Sanders, R. J. W. deKeizer, 
and D. S. Zee, 288 pp, with illus, Boston, 
Mass, Martinus Nijhoff/Or W Junk Pub- 
lishers, 1987, $96.50. 


This book contains 25 chapters on 
eye movements covering basic science 
and clinical aspects, peripheral and 
central, primarily from a neuro-oph- 
thalmological perspective but with 
some chapters or strabismus. The 
multiauthored material was derived 
from a course on eye movements held 
in the Netherlands in 2986; all but two 
of the chapters are by Dutch authors. 


csi sarin emcees E 
“better suited fcr departmen- 
tal than individual libraries.” 

All reviews of multizuthored books 
seem to comment on quality imbalance 
among the chapters aad the obligate 
lack of recently published material. By 
mentioning the absence of the specific 
electron microscopic intranuclear tub- 
ulofilamentous inclusions of oculopha- 
ryngeal dystrophy, deseribed in 1986, I 
don’t break the tradition. 

There are many outstanding chap- 
ters in this book for different audi- 
ences. Some are for the beginning neu- 
rology or ophthalmclogy resident, 
while others seem appropriate for 
“experts.” As a neurolegist interested 
in eye movements, I found four excel- 
lent chapters: Collewijn’s chapter on 
physiology, Buttner and Buttner-Enn- 
ever’s chapter on pathophysiology of 
horizontal and vertical disorders, 
Hoogenraad’s chapter on histochemi- 
cal fiber types in extraocular muscles, 
and Zee’s chapter on disorders of gaze. 
Hoogenraad’s chapter contains the 
best figure I’ve encourtered, compar- 
ing the differences between skeletal 
muscles and extraocular muscles; it 
magnificently lends itself to teaching 
purposes. 

For trainees, I recommend the fol- 
lowing: Reulin’s chapter on recording 
techniques, the chapter by Bollen et al 
on extrapyramidal diserders, and two 
chapters on clinical examination and 
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nystagmus by van Vliet. The remain- 
ing chapters vary from good to ade- 
quate, with a few, unfortunately, of 
questionable quality. 

Because of the varied thrusts of the 
subject material, Eye Movement Dis- 
orders is better suited for departmen- 
tal than individual libraries. Indeed, 
the many outstanding chapters justify 
my recommending that ophthalmol- 
ogy and neurology departmental li- 
braries make this book available for 
faculty and trainees. 

ROBERT B. DARoFF, MD 
Cleveland, Ohio 


Usher’s Syndrome: What It Is, How 
to Cope, and How to Help, by E. Dun- 
can, H. T. Prickett, D. Finkelstein, M. Ver- 
non, and T. Hollingsworth, 93 pp, Spring- 
field, Ill, Charles C Thomas Publisher, 
1988, $24.75. 


When the diagnosis of Usher’s syn- 
drome is made, the patients and their 
families want to learn as much about 
the condition as they can. The book 
Usher’s Syndrome: What It Is, How to 
Cope, and How to Help meets that 
need. 

The book is written by a team of 
professionals with experience in the 
field of deaf-blindness. The team in- 
cludes an ophthalmologist, a nurse, a 
psychologist, and two educators. The 
first chapter presents interviews with 
six patients (three men and three 
women), ranging in age from 18 to 46 
years. Their personal accounts give in- 
sight into the task of coping with pro- 
found disability—the double handicap 
of hearing and vision impairment. The 
remaining chapters deal with medical 
aspects of Usher’s syndrome, commu- 
nicating the diagnosis, psychological 
adjustment to the diagnosis, educa- 
tional concerns, employment and vo- 
cational rehabilitation, recreation, 
and social interaction. 





“... written by a team of profes- 
sionals with experience in the field 
of deaf-blindness.” 





The extensive listing of national and 
regional resources available to pa- 
tients and their families is valuable. 
The bibliographies at the end of the 
chapters on psychological adjustment, 
educational concerns, employment, vo- 
cational rehabilitation, and recreation 
are disappointingly brief. Although 
the target audience is stated to be pa- 
tients, their families, and their profes- 
sional service providers (clinicians, 
paramedical staff, school counselors, 
teachers, and rehabilitation and social 
service counselors), the book seems to 
be most useful for laypeople. 

RUTH M. LIBERFARB, PHD 
Boston, Mass 


Medical Sciences for the Oph- 
thalmic Assistant (Ophthalmic Techni- 
cal Skills Series), by S. C. Nemeth and C. 
A. Shea, 131 pp with illus, Thorofare, NJ, 
Slack Inc, 1988, $30. 


As the use of technology in the diag- 
nosis and treatment of eye disease has 
increased, so has the need to educate 
the ophthalmic assistant in the effi- 
cient understanding and treatment of 
patients with eye problems. This at- 
tractively designed spiral-bound vol- 
ume is an excellent introduction for 
any member of a technical ophthalmic 
staff who wants to obtain a succinct 
overview of the field of ophthalmology. 


“...its stated goal is to give a 
perspective and introduction to the 
uninitiated...” 


The book is surprisingly complete 
and has 19 chapters that initially de- 
scribe the anatomy of the globe, eye- 
lids, and orbit, and then move on to 
summarize the functions of the cornea 
and lens, vitreous, retina, and optic 
disc. The book discusses some basic 
concepts of microbiology and inflam- 
mation and ends with descriptions of 
eye diseases in a number of systemic 
processes, such as diabetes, cardiovas- 
cular disease, and endocrine disorders. 
The volume is both theoretical and 
practical. For example, in addition to 
describing the anatomy of the central 
nervous system, it also describes inoc- 
ulation techniques and methods for 
collecting cultures, characteristics of a 
Gram stain, and the clinical signs of 
myocardial infarction and stroke. Al- 
most every page has either a photo- 
graph, table, or easy-to-follow medical 
illustrations to orient the reader and 
aid in following the text. Key words are 
highlighted in bold print, and the over- 
all organization is excellent. Although 
the photographs, tables, and pictures 
are in black and white, a distinct mes- 
sage comes through from virtually ev- 
ery illustration. An extensive amount 
of material is covered in less than 125 
pages, but one does not feel over- 
whelmed by looking through this text. 
Some may criticize this volume as be- 
ing too ambitious without offering ap- 
preciable depth. Indeed, in places it 
may overextend its perspective, as for 
example, when it attempts to describe 
appearances of different inflamma- 
tory cells. However, its stated goal is to 
provide a perspective and introduction 
to the uninitiated, and this is achieved. 
Clearly the authors have tried to over- 
come the problems of the confusing 
technical language in ophthalmology 
and have made extra efforts to “de- 
mystify” many potentially intimidat- 
ing terms. Many terms are translated 
from their original Greek and Latin 
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derivations to add to the historical 
flavor of the volume. 

In short, this volume gives a 
straightforward, introductive over- 
view of ophthalmology for those who 
will be working in technical areas in 
this field. 


Boston, Mass 


Cataracts: Transactions of the New 
Orleans Academy of Ophthalmology, 
edited by Delmar R. Caldwell, MD, 365 pp, 
New York, NY, Raven Press, 1988, $110. 


For many ophthalmologists, read- 
ing Cataracts will be like sitting down 
for a conversation with an old friend. 
Old experiences are reexamined and 
discussed and new information is 
added to previous knowledge. This vol- 


ume summarizes the experiences of. 
the 36th Annual Session of the New™ 


Orleans Academy of Ophthalmology, 
held in February 1987. Its format con- 
sists of 27 original chapters covering 
almost all aspects of cataract surgery, 
ranging from preoperative evaluation 
to techniques of intraocular lens re- 
moval. Some of the most interesting 
information in the book is conveyed in 
the panel discussions following some 
of the chapters, in which experienced 
surgeons compare their approaches 
concerning topics such as implant re- 
moval and management of intraocular 


ty 
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lens complications. Numerous photo- > 
graphs and illustrations enhance the 


written texts. 


“... like sitting down for a con- 


versation with an old friend.” 


Because information is dissemi- 
nated so rapidly these days, the Acad- 
emy’s intent to reflect “cataracts in the 
nineties” may overstate the value of 
this book. Chapters on anterior capsu- 
lotomy, nucleus delivery, and posterior 
capsule opacification generally restate 
the techniques that are widely used by 
today’s cataract surgeons. Other chap- 


ters, such as the one describing tech- ms 


niques for resolving postsurgical 
astigmatism, will be more helpful in 
advancing the current level of tech- 
nique. I especially enjoyed the panel 
discussion following the chapter on 
endophthalmitis, in which an excellent 
exchange of opinions presented clini- 
cal pearls for the early diagnosis of 
Propionibacterium acnes  endoph- 
thalmitis. 

In summary, this volume presents a 
practical review of the current status 
of cataract surgery and also offers 
some insights into the future state of 
the art. It is useful reading for any ac- 
tive cataract surgeon. 

JAY H. KAUFMAN, MD, PC 
Newton, Mass 
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Questions and Answers 


The ARCHIVES solicits your questions and requests that they be clearly stated and reasonably focused. We 
cannot expect our referees to respond to questions that are too wide ranging and not clearly defined. Please 
limit your questions to six double-spaced lines and follow the guidelines put forth in our “Instruciions for 
Authors” (readily found in any even-numbered issue of the ARCHIVES). A signed copyright transmittal letter 
to the AMA should accompany all submissions. We have asked our referees to limit their answers to 35 lines. 
Questions should be sent to Stewart M. Wolff, MD, 11 E Chase St, Baltimore, MD 21202. 


Should Trabeculoplasty Be Repeated? 
Q | am treating several patients whose intraocular pressures 
have risen to unacceptable levels 3 and 4 years after argon 
laser trabeculoplasty. Should trabeculoplasty be repeated? 
Several published reports have confirmed the clinical 
A impression that laser trabeculoplasty often does not 
permanently reduce intraocular pressure.' If only 180° of 
the angle were treated initially, the remaining 180° should 
be treeted. E the initial treatment was for 360°, most re- 
ports sugges: that repeated trabeculoplasty works in only 
a smal! percentage of patients? and runs the risk of a large 
posttreatmeat intraocular pressure elevation.’ A recent 
study reports, however, that in selected patients with a good 
response to mitial treatment, repeated treatment can have 
a lasting effect. The authors postulate that the trabecular 
meshwork can regenerate itself so that renewal of the re- 
sponse to laser treatment should be possible. 

If visual field less in the eye threatens fixation, filtration 
surgery should be considered instead of repeated trabecu- 
loplasty to avoid further optic nerve damage. If trabeculo- 
plasty is per*ormed, 1% apraclonidine can be used before- 
hand to minimize the risk of a dangerous postoperative 
intraocular pressure elevation. 


Henry D. JAMPEL, MD 
Baltimore, Md 


L Schwartz ÆL, Love DL, Schwartz MA. Long-term follow-up of argon 
laser trabeculopsasty for uncontrolled open-angle glaucoma. Arch Ophthal- 
moi. 1985;103:10° 

>% Messner D. Siegel LI, Kass MA, Kolker AE, Gordon M. Repeat argon 
laser trabeculop:asty.Am J Ophthalmol. 1987;103:113-115. 

3 Brown SVL. Thomas JV, Simmons RJ. Laser trabeculoplasty re-treat- 
ment. Am J Opthalmol. 1985;99:8-10. 

4 Jorizzo PA. Samples JR, Van Buskirk EM. The effect of repeat argon 
laser trabeculop:asty.Am J Ophthalmol. 1988;106:682-685. 


Managemen: of Retinoschisis 


What ase the current thoughts on the management of de- 
generative retinoschisis? 


First and foremost, be sure that you are truly dealing 
with re-inoschisis. Inferior detachments of the retina 


A 
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progress slowly and often the retina is quite thin, which 
gives the appearance of retinoschisis. Examine the extreme 
periphery of the retina for an inferior dialysis or small 
round holes in the peripheral retina. The typical orange skin 
appearance of the external retinal layer further gives a clue 
to presence of retinoschisis. 

Additionally, the history is quite important. In my ex- 
perience, patients having retinoschisis do not complain of 
visual field defects as they usually de with a true retinal 
detachment. Therefore, if a patient complains of a loss of 
vision or a shadow in his or her field of vision, you are 
probably dealing with a retinal detachment. 

In 1969, I reported on the use of cryetherapy in the man- 
agement of degenerative retinoschisis. This was prompted 
by the fact that a patient whom I had been following up for 
degenerative schisis had the schisis progress right through 
the macula. Subsequently, I treated en additional patient 
with very posterior schisis using photocoagulation. This 
resulted in contraction of the retina with a total retinal 
detachment having innumerable holes in the retina at the 
photocoagulation sites. Others had experienced similar 
problems. Because of this, I then began treating selected 
patients who had retinoschisis with cryotherapy. This suc- 
ceeded in flattening the retina in most cases. 

During the 20 years I wrote the article on cryotherapy, I 
have not witnessed a single case in which the schisis pro- 
gressed through the macula. However, I have seen many 
cases treated elsewhere that did not fulfill the criteria that 
I outlined in the original article in 1969. Therefore, these 
past 20 years, I have modified my approach to the manage- 
ment of degenerative retinoschisis. 

At the present time, it is my feeling that retinoschisis 
need not be treated unless there are breaks in both retinal 
layers or there is an associated retinal detachment. Such 
cases should be treated with cryotherapy to the entire schi- 
sis area, to which may be added, as dictated by the circum- 
stances, sclera buckling, vitrectomy, and intravitreal air or 
gas. Uncomplicated cases require close follow-up; the oph- 
thalmologist should be on the alert for breaks in both layers 
of the retina, which may lead to the development of retinal 
detachment. 

J. GRAHAM DOBBIE 
Chicago, Ill 
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News and Comment 





Steven A. McCormick, MD 


Steven A. McCormick, MD, Named 
Director of Pathology.—The New York 
Eye and Ear Infirmary appointed 
Steven A. McCormick, MD, director of 
pathology. As director, Dr McCormick 
will be responsible for the anatomic 
and clinical laboratory patient ser- 
vices and will oversee the pathology 
education of ophthalmology and oto- 
laryngology residents at the infir- 
mary. Most recently, Dr McCormick 
served as assistant professor in the 
Departments of Pathology and Oph- 
thalmology at West Virginia Univer- 
sity. 


Doris Stein Eye Research Center Ded- 
icated.—The Doris Stein Eye Research 
Center of California was dedicated in a 
formal ceremony on September al. 
1989. Located at 200 Stein Plaza, at 
UCLA, the new facility will operate in 
conjunction with The Jules Stein Eye 
Institute. The dedication program fea- 
tured Charles E. Young, MD, chancel- 
lor of UCLA, and was followed by a re- 
ception and tour. 


Glycated Hemoglobin Symposium Pro- 
ceedings Available.—The Department 
of Continuing Education, Case West- 
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Symposium proceedings 


ern Reserve University, Cleveland, 
Ohio, announces the availability of 
proceedings from a symposium enti- 
tled “The Role of Glycated Hemoglo- 
bin in the Management of Diabetes.” 
Held last fall, the symposium provided 
physicians with pertinent information 
intended to help evaluate various gly- 
cated hemoglobin test methodologies 
and maximize the clinical usefulness 
of the assay results in managing dia- 
betes. The meeting was eochaired by 
John Sheehan, MD, assistant profes- 
sor of medicine, Case Western Reserve 
University, and F. John Service, MD, 
professor of medicine, Mayo Medical 
School, Rochester, Minn. The sympo- 
sium proceedings are available on re- 
quest from Case Western Reserve Uni- 
versity, Department of Continuing Ed- 
ucation, 2119 Abington Rd WG 42, 
Cleveland, OH 44106. 


Royal Hawaiian Eye Meeting Returns 
to Maui January 20 to 27, 1990.— More 
than 1200 registrants are expected to 
participate in the 11th Annual Royal 
Hawaiian Eye Meeting, the largest 
public eye meeting in the country. The 
1990 meeting will be headquartered at 
the Hyatt Regency on Kaanapali 
Beach, Maui, and will offer extensive 
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programs for physicians, allied health 
personnel, and administrative person- 
nel. The meetings, workshops, and lab- 
oratories will begin on Sunday, Janu- 
ary 21, 1990, and continue throughout 
the week. For more information about 
the conference program, tuition, or ac- 
commodations, contact Sheri Olsen at 
(808) 621-8448. To receive a registra- 


tion packet, contact Kelly Itakura, ¿ 
with Mary Charles & Associates at 


(808) 942-9655. 


Arthur H. Shedden, MD, Selected As- 
sociate Director of Clinical Research.— 
Arthur H. Shedden, MD, has been 
named associate director of Clinical 
Research for Merck Sharp & Dohme 
Research Laboratories, the US re- 
search division of Merck & Co Inc. Dr 
Shedden holds a BS degree in biology 
from Westminster College, New Wilm- 
ington, Pa, and obtained his MD de- 
gree from Jefferson Medical College in 
Philadelphia, Pa. He received his 
training in ophthalmology at the 
Pittsburgh (Pa) Eye and Ear Hospital 
and trained in neuro-ophthalmology 
at the Bascom Palmer Eye Institute at 
the University of Miami (Fla). Dr 
Shedden has practiced general oph- 
thalmology and neuro-ophthalmology 
in Tulsa, Okla. 





A 


Arthur H. Shedden, MD 





News and Comment 





I Knew... 
I Should Have Called Lombart 


Are yeu tired of waiting for your instruments Our offices coast to coast allow us to give not just 
to arrive? Have you been delivered excuses instead better service, but the best. 
of what you ordered? You should have listened i "e Commitment. Responsibility. Attention 
to your colleagues when they told you to I to detail. Responsiveness to customer 
call Lombart. bag - needs. On-time delivery. Integrity. 


Li 


Trust. Products customers need. When 


Ruan they need them. At a reasonable price. 
7y Its no wonder why... 


Todays market is flooded with in- 
strument dealers. Many are retailers, 
labs, er underca nitalized one-man shows 
that disappearas fast as they appear. 
Since 1980, over half a dozen large instru- 
ment dealers have closed shop, some by 
force! But one company is still going 
strong, Lombart Instrument Company. 
Afternearlr halfa century, we are still 
the industry leader. No retail stores. No 
labs. No frames. No contact lenses... 
JUST OPHTHALMIC INSTRUMENTS. 

Our $6 million inventory allows 
us to deliver equipment, not excuses. 






NO ONE SELLS MORE THAN LOMBART. 
NO ONE. 


LOMBART 


ee 
INSTRUMENT 


LOMBART INSTRUMENT COMPANY * 3335 croft st. « norfolk, va 23513 » FAX (804) 855-1232 « (804) 853-8888 - (800) 446-8092 
LOMBART INSTRUMENT SOUTHWEST - 801 ave. k» plano, tx 75074 « FAX (214) 423-6847 « (214) 881-8303 « (800) 443-0120 
LOMBART INSTRUMENT WEST « 8676 commerce ave. + san diego, ca 92121 + FAX (619) 578-8369 « (619) 578-2020 + (800) 537-2820 
LOMBART INSTRUMENT NORTHEAST ° p.0. box 1722 « rutherford, nj 07070 » FAX (804) 855-1232 » (201) 387-0764 + (800) 223-3937 
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When something is missing, 
it's just not the same. 


No matter what they do, single-polymer tear supplements will always be missing 
something found in Tears Plus® Lubricant Ophthalmic Solution—a second polymer. 

Two polymers, not one, to provide comfort and help maintain the corneal and 
conjunctival health jeopardized by dry eye. 

One polymer is povidone (polyvinylpyrrolidone). Povidone, a wetting agent with 
mucin-like properties, helps coat the conjunctival surface. 

The other is Liquifilm® (polyvinyl alcohol 14%). Liquifilm provides prolonged 
surface contact time to sustain comfort. It has less of an effect on corneal 
epithelium regeneration than methylcellulose 0.5% and isotonic saline. ! Plus, 
Liquifilm offers instant wettability and stabilizes the precorneal tear film 


while helping to supplement mucin and fluid deficiencies, 1-2-3 
As a matter of fact, in contact angle testing, dual-polymer 
Tears Plus displayed the same wettability and contact angle as healthy E. 
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2 


human tears.* All of which makes sles 


Tears Plus a little different. DUAL POLYMER | | - 

And makes us ae pro baronas | 
believe it might wale |p Sion 
indeed be true. | T oce 


Two are better “ct 
danas: The Extra Polymer You May Be Missing. w. 








L Krishna N, Brow F Polyvinyl alcohol as an ophthalmic vehicle: Effect on regeneration of corneal epithelium. Am J Ophthalmol 1964;57(1):99-106. 

2. Jones LT. The lacrimal secretory system and its treatment. Am J Ophthalmol 1966;62(1):47-60. 

3. Holly FJ. Surface chemical evaluation of artificial tears and their ingredients. II. Interaction with a superficial lipid layer. Contact Lens 1978 July/Sept;4(3):52-65. 
4. Allergan Pharmaceuticals Report Series No. 179. 
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Reversibility of Optic Disc Cupping 


A Phenomenon That May Change the Management of Glaucoma 


ae 
fae present system of glaucoma management is 
typically one of trial and error. Intraocular pres- 
sure is lowered a specific amount and, if deterioration 
continues despite this reduction, treatment is in- 
creased; if deterioration still continues, treatment is 
again increased, etc. Since no one has yet established 
the amount of pressure reduction required to halt 
worsening visual field, and since no one wishes to 
overtreat, progression of the disease is virtually 
guaranteed. 





See also p 1599. 





In this issue, Shin and colleagues! report results of 
a study that may signal a more effective approach to 
the management ef glaucoma. They demonstrated a 
mean decrease of 0.7 cup-disc units (14% ) in the eyes 
of 13 adults with primary open angle glaucoma in 
which intraocular pressure had been markedly re- 
duced by medical treatment. The decrease in cupping 
was directly related to the amount of intraocular 
pressure reduction. In the five eyes in which changes 
were able to be determined by examination of stereo- 
scopic disc photographs, the largest change was also 
observed using the Rodenstock disc analyzer (G. Ro- 
denstock Instrumente GmBH, Munich, West Germa- 
ny) (a mean change of 1.5 cup-disc units in compari- 
son with 0.7 cup-disc units in the entire group of 13 
patients). In four ef these five cases, intraocular pres- 
sure had been reduced more than 50%. 

The “magie number” suggesting the amount of 
pressure reduction required to decrease cupping ap- 
peared te be about 50%. In an earlier study, Katz and 
coworkers? found that 31% of 619 eyes showed a pho- 
tographically detectable decrease in cupping when 
intraocular pressure was reduced 30% or more; no 
changes were seen when the pressure fell 20% or less. 
What appears to be emerging from a variety of 
studies is that controlling glaucoma is not simply a 
matter of lowering intraocular pressure.’ Rather, it is 
a matter of decreasing pressure by at least a certain 
amount, perhaps 30% in some cases, or 50% in others. 

The value that this conclusion holds for pointing 
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the way to more effective treatment of glaucoma rests 
on the following three assumptions: (1) that change in 
disc appearance can be validly and reproducibly mea- 
sured, (2) that reversibility of disc cupping is a real 
phenomenon, and (3) that an “improvement” in disc 
appearance is of clinical significance. . 

The first assumption, that changes in the appear- 
ance of the optic disc can be validly and reproducibly 
determined, is strongly supported by several prelim- 
inary studies. Shields et al‘ have at least partially es- 
tablished validity, and Varma et al’ and Caprioli et al® 
have independently shown reproducibil ty with dif- 
ferent methods. Several studies have suggested that 
image analyzers are more sensitive than the human 
eye in detecting change.”* 

The second assumption is that this damage can be 
reversed. Few ophthalmologists appear to believe 
this. Though reversibility of disc appearance was 
documented only 19 years after the ophthalmoscope 
was introduced,’ the observation was either over- 
looked or disbelieved. Since we have been taught that 
optic disc damage either never, or at best only very 
rarely, reverses, we do not look for it. Furthermore, 
most patients with glaucoma are treated medically, 
and a decrease of intraocular pressure cf the magni- 
tude needed to cause detectable revers bility of the 
disc is probably uncommon in these medically treated 
eyes. By the time patients come to surgery, discs are 
frequently so damaged that detectable “improve- 
ment” is less likely to occur. 

The third assumption is that a detectable improve- 
ment in disc appearance is clinically important. By 
improvement, we mean a widening of tae neuroreti- 
nal rim demonstrable with disc photographs or by 
ophthalmoscopy. That this is so has now been dem- 
onstrated in a follow-up study comparing patients 
having disc change with those havimg no change. In 
19% of those in whom cupping was reversed, visual 
fields improved, but none of the control group showed 
field improvement during that time. None of the 
visual fields in the “reversed” group deteriorated, but 
12% of the control group did (a high y significant 
difference).’° 
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The study of Shin and coworkers is important. It 
suggests that the power of a new technology—com- 
puterized image analysis of the disc—may lead to a 
new way of thinking about the fundamental nature of 
the optic disc in glaucoma. With that change may 
come an entirely new, and hopefully more effective, 
method of managing a disease that still carries with 
it a heavy burden of suffering. 

GEORGE L. SPAETH, MD 
Philadelphia, Pa 
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Obituaries 


ABRAHAM, Robert Kalman, 65, Encino, 
Calif; Louisiana State University 
School of Medicine, 1948; residency, 
Detroit Receiving Hospital-Univer- 
sity Health Clinic, 1954; certified by 
the American Board of Ophthalmol- 
ogy; died February 23, 1989. 


AHL, Benjamin Nathaniel, 84, Carmel 
Valley, Calif; Indiana University 
School of Medicine, 1929; certified by 
the American Board of Ophthalmol- 
ogy; died July 21, 1989. 


ALEXANDER, Harold B., 76, Santa 
Barbara, Calif; University of Southern 
California School of Medicine, 1942; 
residency, Los Angeles County, Uni- 
versity of Southern California Medical 
Center, 1947; certified by the American 
Board of Ophthalmology; died July 17, 
1989. 


CLEVELAND, Albert F., 81, Villanova, 
Pa; University of Pittsburgh School of 
Medicine, 1936; residency, Wills Eye 
Hospital, 1947; certified by the Amer- 


ican Board of Ophthalmology; died 
May 5, 1989. 


CUTINO, Rodolph M., 92, Lake Hopat- 
cong, NJ; State University of New 
York-Health Science Center at Brook- 
lyn, College of Medicine, 1921; certified 
by the American Board of Ophthal- 
mology; died July 1, 1989. 


GOLDSTEIN, Max H., 84, Visalia, Ca- 
lif; University of California, San Fran- 
cisco, School of Medicine, 1930; resi- 
dency, The Jewish Hospital-St Louis, 
1934; died June 6, 1989. 


JONES, Samuel T., 62, Overland Park, 
Kan; Tulane University School of Med- 
icine, 1950; residency, University of Il- 
linois-Taylor Unit, 1957; certified by 
the American Board of Ophthalmol- 
ogy; died February 5, 1989. 


MURRAY, Alice B., 92, Phoenix, Ariz; 
State University of New York at Buf- 
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clinical importance? Invest Ophthalmol Vis Sci. 1989;30:421. 


+ 


falo, School of Medicine, 1937; died 
July 31, 1989. 


TARRASCH, Ernest L., 79, Springfield, 
Mo; Medical Academy in Diisseldorf, 
West Germany, 1933; died July 17, 
1989. 


WARD, Eugene Long, 89, Gainesville, 
Fla; Emory University School of Med- 
icine, 1931; died July 21, 1989. 


WARD, James Franklin, 76, Tacoma, 
Wash; Harvard Medical School, 1943; 
residency, Wills Eye Hospital, 1950; 
certified by the American Board of 
Ophthalmology; died September 10, 
1988. 


WOLSTAN, Simon David, 81, Los An- 
geles, Calif; University de Peirre at 
Marie Curie (Paris), 1935; residency, 
Childrens Hospital of Los Angeles, 
1959, Eye and Ear Hospital of Los An- 
geles, 1960; certified by the American 
Board of Ophthalmology; died Febru- 
ary 15, 1989. 


Obituaries 


Special Article 


Cornea Donation Laws in the United States 


' netrating keratoplasty has become one of the 

most successful and the most common transplant 
procedures in the United States, with 35930 corneas 
grafted in 1987.! One-year survival with graft clarity 
is greater than 80% and is more than 90% under cer- 
tain conditions.” While generally not a life-saving 
procedure, keratoplasty offers an opportunity for no- 
table improvement in the quality of life for its recip- 
ients. 

From the onset of the modern era in Europe during 
the 1920s,? improved diagnostic and surgical tech- 
niques have expanded the utility and demand for 
keratoplasty. Tħe early reports from Elschnig and 
Filatov detailed their experience with corneal leuko- 
mas due to burns or trauma.’ Today, the leading in- 
dication for penetrating keratoplasty is pseudophakic 
bullous keratopathy.‘ As newer procedures and indi- 
cations develop, the demand for donor tissue will only 
increase.”” 

In 1985, a shortage of 3500 to 5000 corneas existed 
in the United States.” In New York City, 350 patients 
waited an average of 3 months for a corneal 
transplant.’ From 1979 to 1981, the number of pa- 
tients waiting for corneal tissue had increased 86% 
while the number of eyes donated had increased only 
3%." In recent years, however, record increases in do- 
nations have been registered.! Despite this, a shortage 
of 3500 to 5000 corneas still exists. Thus, as with the 
supply of other organs for transplant purposes,” the 
supply of corneas has not kept pace with the demand. 

Progressive legislation favoring cornea donation 
enacted during the last 20 years has prevented a far 
more serious shortage.’ Information about the cur- 
rent nationwide status of these laws is not readily 
available. Thus, this article reviews the current (as of 
December 1988) laws governing cornea donation in all 
50 states and the District of Columbia to clarify the 
status of current laws and to examine how the supply 
of cornea tissue may be further increased. 


BASIC LEGAL FRAMEWORK 


The underlying legal authority for the use of 
eadaver organs for any scientific purpose rests on 
state law. Thereis no specific federal law. All 50 states 
and the District of Columbia have enacted individual 
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variations of the Uniform Anatomical Gift Act 
(UAGA), originally drafted in 1968 and revised in 
1987. The 1987 revisions incorporate many of the pro- 
posals made in the past 20 years to increase the sup- 
ply of organs and tissue for transplantation. How- 
ever, they have been adopted only in California, Con- 
necticut, and Hawaii; 48 jurisdictions still base their 
laws on the 1968 model. 

The UAGA represented a major departure in legal 
philosophy in 1968 from the common law precept that 
control of dead bodies rested with a decedent’s survi- 
vors. Previously, the common law gave broad discre- 
tionary powers to the party in rightful possession of 
the body, usually the spouse or the next of kin.” The 
UAGA created the legally binding right of all compe- 
tent persons to direct the disposition of their bodies 
after death, limited only by concerns of public health 
and welfare. Preserved, however, was the philosoph- 
ical commitment to voluntarism by the UAGA’s 
requirement of affirmative consent. Thus, current law 
in all jurisdictions gives a person the right to create 
a legally enforceable gift of his or her corneas before 
death. 

In no jurisdiction may a validly made gift be abro- 
gated by the next of kin. Only the donor, before death, 
has the authority to revoke the gift.® In the only case 
in which a person’s ability to so control the disposi- 
tion of his body after death was challenged, the Utah 
Supreme Court, in In Re Moyer’s Estate (577 P2d 108 
[1978]), found that such control was “in the public in- 
terest” as long as it was not “absurd” or “prepos- 
terous.” The 1987 revision explicitly states this point. 
However, it also seemingly removes the legal prereq- 
uisite of a “sound mind” found in the 1968 model, 
perhaps inadvertently inviting future legal contro- 
versy on this point. 


How to Donate 


Two classes of persons may voluntarily donate a 
cornea: the decedent before death ar the survivors af- 
ter death. The decedent may donate by will or some 
other document, such as a donor card, which is 
witnessed by two persons.’ In 44 states a driver’s li- 
cense or application for a license has an organ dona- © 
tion section." In California, Connecticut, Hawaii, and 
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18 









UAGA, 1987 18 n/a 
Alaska 19 Yes 
California 18 n/a 
Connecticut 18 n/a 
Delaware 18/married Yes 






minor / consent 










Maine “Legal age" 
Maryland “Competent to execute a will”' 







Minnesota 18 or parental Yes 
consent 

Nebraska 19 Yes 

North Dakota 18 or parental Yes 





consent 





Yes indicates agreement with Uniform Anatomical Gift Act (UAGA) (1968); 
n/a, not applicable. 


Missouri the witness requirement is more lax, while 
Illinois, New York, Ohio, and Pennsylvania are more 
specific in the witness requirements. The prerequi- 
sites for capacity to make a valid donation are given 
in Table 1. 

Survivors may donate if they have no knowledge of 
any objection raised by the decedent before his or her 
death. For example, California and Rhode Island al- 
low only a decedent to donate if he or she is known to 
hold certain religious beliefs (generally faith- 
healing).* Survivors may donate in writing or by a re- 
corded telephonic or telegraphic message.’ The 1987 
revision extends this to include any message that is 
contemporaneously reduced to writing and signed by 
the recipient. State laws generally dictate a descend- 
ing order of authority to donate: (1) spouse; (2) adult 
son or daughter; (3) either parent; (4) adult brother or 
sister; (5) guardian; (6) person authorized to dispose 
of the body.®* 

Forty-nine jurisdictions allow a higher-priority 
survivor to donate over the objections of lower- 
priority survivors. Only New York allows any single 
family member to veto a donation made by other 
family members (though not by the decedent), while 
Florida vests the veto only in adult offspring.” Again, 
in no state do survivors have the legal power to veto 
a valid gift made by a decedent. 


How to Revoke Gifts 


The UAGA provides several means for a donor to 
change his or her mind. These include oral as well as 
written means; thus, it is easier to revoke than it is to 
donate. Forty-eight jurisdictions incorporate the 
UAGA methods, albeit with some minor deviations. 
Only Utah is silent in this regard, while Louisiana 
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restricts revocations of gifts made by will to those 
methods traditionally used to revoke wills. Illinois 
allows revocation only in writing or by those methods 
used to revoke wills.” 


Other Concerns 


The sale of organs and tissues, including corneas, is 
prohibited throughout the United States." In its first 
major, direct legislation on the subject, the federal 
government made the transfer of any organs or 
tissues for material recompense a felony in 1984.8 

The use of fetal tissue is not an issue in corneal 
transplantation since such tissues are not usable in 
adult keratoplasty. New technical developments, 
however, may raise this ethical quandary in ophthal- 
mology as it has in other areas. 

As with all cadaver organs, corneas cannot be 
reeovered until death is officially declared. Fortu- 
nately, the criteria used to define death are less crit-+ 
ical with corneas than other organs, since usable cor- 
neas can be harvested for several hours after cessa- 
tion of cardiovascular support.’ Changing the criteria 
for donors or discovering methods to better use avail- 
able tissues are two ways to increase the supply of 
corneas without requiring an increase in the number 
of eyes donated. For example, using corneas from 
older donors and applying current and future re- 
search in growth factors may yield higher numbers of 
available tissue. 


Immunity for Actions 


Physicians, hospitals, eye banks, and other persons 2 


authorized by individual state law to remove corneas 
are protected in 31 jurisdictions against civil and 
criminal liability for good faith acts in accordance 
with the terms of any applicable state’s or country’s 
anatomical gift laws. In California, Georgia, Nevada, 
New Hampshire, and Montana, the gift must be valid 
according to the particular law of that state. In Alas- 
ka, Connecticut, the District of Columbia, Hawaii, Io- 
wa, Kentucky, Louisiana, Mississippi, Nebraska, New 
York, North Carolina, North Dakota, Oklahoma, and 
South Dakota, only gifts valid under the laws of that 
or another state are so protected. Further, in Missis- 
sippi and Montana only civil immunity is granted. 
In the only two cases that have directly challenged 
this immunity, the courts have strongly protected the 
provisions of the UAGA. In Williams v Hofmann, 66 
Wis2d 145, 223 NW2d 844 (1974), the Wisconsin 
Supreme Court rejected equal protection, vagueness, 
and remedy abrogation attacks on the immunity sec- 
tion. Moreover, in Nicoletta v Rochester Eye and Hu- 
man Parts Bank, 519 NYS2d 928 (1987), the New York 
state courts ruled that parties who recovered organs 
on the good faith belief that the person authorizing 
the removal was the surviving spouse were protected 
against liability even if it subsequently became clear 
that the person involved was not the spouse. 
However, the UAGA does not immunize acts of 
malpractice. As in other areas of ophthalmic care, 
accepted standards of practice need to be maintained. 
In addition, the UAGA requires that the donated 
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parts be removed without unnecessary mutilation 
and that the body be returned within a reasonable 
time to the person responsible for disposal. 


Table 2.—Presence of Laws Favoring Cornea Procurement* 


Enucleation 







Required Medical 





Who May Remove Corneas 


4 The UAGA provides for removal of donated organs 
by physicians. Most states, particularly those with 
eye bank laws predating the UAGA, allow properly 


Arizona 
Arkansas 





trained technicians and practitioners of the mortuary a : =. ž z 

sciences to enucleate eyes, as seen in Table 2. In some FE x x X = 

states, any “persen... trained [in enucleation]’ may Delaware X X xX X 

do so, while other states specify training require- District of X 

ments and allowable categories of ancillary person- 

nel. The unifying feature is that 45 jurisdictions em- 

power additional personnel to participate in the 

recovery of donated eyes, increasing the efficiency of 

procurement efforts. For example, funeral directors 
„procured more than 5000 corneas for transplantation tens X a x x 

and other scientific purposes in 1987. 


x< 


x 
x 
x 


Kansas 


THE CURRENT SHORTAGE 


Louisiana 






Obtaining donation of corneas from an additional 7 
per 100 suitable donors from in-hospital deaths would 
be sufficient to eliminate the waiting list for corneal 
tissue in New York City.® Similar increments in other Michigan x X X X 
areas would markedly reduce the shortage, since the Minnesota X x X 


x 
x< 
x 
x< 


ssissippi 


current shortfall of corneas is 14% (5000/36 000). The 
difficulty encountered to date in achieving this goal 


reflects a hesitancy by the public to donate as well as = $ = 2 x 
4 A Nebraska X (X) x X 
a failure by health professionals to understand and hs O O ae e : z 2 
fully use the powers of the UAGA to obtain tissue for ae anual + = 
œ= transplantation = see = X X 
P > k x R ew Jersey 
Three major factors underlie the public’s ambiva- New Mexico X ee X 
lence in donating organs. First, dealing with issues of New York x (Xx) x 
death presents a formidable psychological barrier for North Carolina x x X 
most persons.“ Second, patients, particularly minor- North Dakota X X 


ities, fear that becoming a donor would result in pre- 


mature termination of care or decrease the level of — z z z 
eare received." Third, despite official religious ap- regon 

S aii ° 5 Pennsylvania xX X X 
proval by almost all religions in the United States en - = 
(except certain Jewish Orthodox sects and at Rane a x x 
Muslim), personal religious beliefs are cited as South Dakota Ay X X 
reasons not to denate.'* To the extent that these fac- Tennessee x X X fp 
tors are personal to an individual, they may be less Texas x x X X 


significant obstacles to donation by the family after 


% death. Vermont x X 
In the past, related attitudinal factors played an “as bis © x x 
Washington X X 


important role among health care workers toward 
soliciting donation. In light of estimates that ap- 
proaching all families might at least double the yield 
of organs," 42 states (and the 1987 model) now require * x indicates presence of laws; X in parentheses, states without true medical 
that protocels be established to ask families of pa- examiner's laws. 
tients attached to life-support equipment about do- 
nation before discontinuing such support (Table 2). cannot be justified on legal, ethical, or practical 
Nevertheless, prior practice has shown that per- grounds. The fear of liability cannct be assuaged any 
haps the major obstacle is the unwillingness of health more forthrightly than by the UAGA and the New 
care workers to fully use the provisions of existing York and Wisconsin courts. To seek blanket immunity 
laws. Only four states routinely recover organs with- would disserve organ donation, since a standard of 
__ gut obtaining family consent when valid organ dona- care must be maintained. Second, our legal and eth- 
Y tion documentation exists.” In 47 jurisdictions the ical systems have already decided to allow the dece- 
law is often treated as if it did not exist. This failure dent to control his body’s disposition as an assertion 


x 
x |: 
x 


West Virginia X 
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of individual autonomy.’ No major religion bans 
organ donation in the United States." Third, the fear 
of bad publicity and related practical concerns fails to 
reflect the fact that coverage of transplantation has 
been overwhelmingly favorable. The real fears ex- 
pressed in these concerns are over headlines such as 
“Top Doctor: Body Snatchers Invade Queens Hospi- 
tal” (New York Post. February 26, 1985:C5), which 
stimulate public fears of premature termination of 
care. To allay fears of premature termination of care, 
the UAGA and 49 jurisdictions require that the phy- 
sician declaring death cannot participate in the sub- 
sequent removal or transplantation of donated 
parts.** Emphasis of the other safeguards built into 
the UAGA can allay concerns over bad publicity. 


RESPONSES TO THE SHORTFALL 


Measures to increase the supply of corneas could 
thus involve educational efforts directly addressing 
the public’s fears and the concerns of health care 
workers to encourage fuller use of the existing laws. 
A second possibility would be to increase our techni- 
cal ability to preserve corneas for transplantation, 
since only 45% of corneas harvested today meet the 
criteria for use in transplants.? However, the federal 
government and many state legislatures, frustrated 
by the slow rate of progress with these efforts, have 
turned to further legislative enactments to increase 
the supply of corneas.?* 

Almost all states have enacted required request 
laws, as discussed above, making donor solicitation a 
prerequisite to the termination of care in certain in- 
stances. Such a provision is incorporated in the 1987 
revision of the UAGA. Initial studies and early 
results in some states have indicated that a marked 
increase in the number of donations is possible.!*9 
Whether the laws will be effective in all areas remains 
to be seen, since the manner in which the family is 
approached can have a critica] bearing on the dona- 
tion decision. The popularity of these laws reflects the 
preservation of the philosophy of voluntary consent. 

In contrast, only 18 states have enacted medical 
examiner’s laws, which presume consent of the dece- 
dent, even though these laws have proved to be highly 
effective in increasing the number of corneas har- 
vested.’ First enacted in Maryland in 1975, these laws 
enable medical examiners and eye bank technicians 
authorized by medical examiners to remove corneas 
for transplantation when three criteria are met: (1) 
the body is under the medical examiner’s jurisdiction 
and an autopsy is required by law, (2) there is no 
known objection by the next of kin, and (3) the 
removal will not disturb the appearance of the body 
or the outcome of the investigation.* Massachusetts 
requires that an effort be made to contact the next of 
kin for at least 1 hour before removal, while Illinois, 
Connecticut, Hawaii, and Mississippi require a “rea- 
sonable effort” to reach the next of kin or a “rea- 
sonable belief” that there is no kin. Arizona requires 
telephone attempts every 15 minutes for 4 hours or an 
in-person visit. Texas requires attempts for a 4-hour 
period. California requires 24 hours unless corneas or 
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organs whose usefulness would expire within that 
time are involved. Other states require no effort be 
made to contact the next of kin. Three other states 
have enacted so-called medical examiner’s laws, but 
these states still require, rather than presume, affir- 
mative consent. The result of the true medical exam- 
iner’s laws has been to greatly increase the number 
and overall quality of corneas harvested since many 
medical examiner’s cases are young accident or ho- 
macide victims.’ 

When challenged in court, the medical examiner’s 
law in Florida was found to be valid. In Florida v 
Powell, 497 So2d 1188, cert denied, 107 SC 2202 (Fla 
186), the court awarded Summary judgment to a 
medical examiner in a lawsuit brought by the surviv- 
ing family. The importance of obeying statutory 
requirements, however, was illustrated in Kirker v 
Orange County, 519 So2d 682 (Fla App 5 Dist 1988), in 
wich a plaintiff was found to have a cause of action 
for infliction of emotional distress when a medical 
examiner removed her dead child’s corneas despite an 
express prohibition in the medical chart and then at- 
tempted to cover up his oversight. Courts in Georgia 
(in Georgia Lions Eye Bank v Lavant, 255 Ga 60, 335 
SE2d 127 [1985], cert denied, 475 US 1084 [1986]) and 
Mochigan (in Tillman v Detroit Receiving Hospital, 
133 Mich App 683, 360 NW2d 275 [1984]) have likewise 
upheld the medical examiner laws and the legality of 
their immunity provisions. 

Legislatures in two states, Maryland and Califor- 
nia, have expanded presumed consent to non-medical 


examiner situations when a patient dies in a hospital # 


without objecting to donation, when no next of kin can 
be found after a reasonable search, and after certain 
precedures are fulfilled.2 The 1987 revision further 
presumes that consent for one organ or tissue pro- 
vices consent for any other organ or tissue not 
explicitly restricted by the donor. Whether these 
previsions have been actually used has not been 
reported (to our knowledge). 


CONCLUSION 


In many ways cornea transplants are the most fa- 
vored of organ transplants. Clinically, their success 
rate is at least equal to, if not better than, that of any 
other organ transplantation. Their clinical course is 
the easiest to monitor and the most amenable to 
timely treatment. The numbers of transplants done 
far exceed those of all other organs and tissues com- 
bined. The shortage of corneas is far less than that of 
other organs. The Eye Bank system and the Eye Bank 
Association are, in almost al] respects, superb models 
for tissue or organ procurement and distribution. Yet, 
even with limited presumed consent in 18 states, 
shortages of corneas continue to exist. 

All 50 states and the District of Columbia have or- 
gar donation laws. While the great uniformity that 
exists is a testament to the drafters of the UAGA, 
there remain important variations among the juris- 
dictions. These differences are accentuated with cor- 
nea procurement and donation, since 18 states have 
enacted additional measures to increase the supply of 
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corneas. Futther, this is an area of constant change 
and evolution, dating earlier reports.’ 

There are four major interventions that can be un- 
dertaken te increase the supply of corneas, any of 
which has the potential to make a substantial contri- 
bution. First, an educational effort should be directed 
at health professionals to encourage them to use the 
powers thez have under existing laws. Concurrently, 
educationa 2fforts can be redirected toward meeting 
the concerrs of the populace in an effort to increase 
their willir=ness to donate. We need to expressly ad- 
dress their fears of premature termination of care 
and reinfonee religious teachings favoring donation. 
The Amertan Academy of Ophthalmology and the 
Eye Bank Association could, as in the past, help 
spearhead -hese efforts. Third, required asking laws 
could be beter used, with better training and proce- 


dures for approaching families and, ideally, decedents 


prior to thezr death. Finally, more states could move 


toward presumed consent and medical examiner’s 
laws, or the 1987 model, if they so choose. 

As with other organs, much of the shortage in cor- 
nea tissue arises from an increasing demand fueled, 
in part, by transplantation’s own success. As with 
other organs, the predominant feature is a shortfall 
in obtaining a sufficient number of corneas to meet the 
need. In the end, as with other organs, a fuller imple- 
mentation of existing laws and an educational effort 
directed at the real fears of the public and health care 
workers will be needed, if not mare. 


PauL-P. LEE, JD, MD 
WALTER J. STARK, MD 
Baltimore, Md 

JOYCE C. YANG, JD 
New York, NY 


Frederick W. Griffith, Executive Director ef the Maryland Eye 
Bank, and John J. Requard III, Executive Director of the St Louis 
(Mo) Eye Bank, gave comments and suggestiens. 
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Topical Timolol Administration Reduces 


the Incidence of Glaucomatous Damage 


in Ocular Hypertensive Individuals 


A Randomized, Double-Masked, Long-term Clinica] Trial 


Michael A. Kass, MD; Mae O. Gordon, PhD; Mark R. Hoff, 


Allan E. Kolker, MD; William M. Hart, Jr, MD; Bernard B 


e We conducted a randomized, double-masked, long-term 
Clinical trial to determine whether topical timolol therapy was ef- 
fective in delaying or preventing the onset of glaucomatous dam- 
age in moderate-risk ocular hypertensive subjects. In 62 patients, 
one eye was chosen randomly to receive timolol therapy twice 
daily while the fellow eye received placebo. During the course of 
the study, the mean + SD difference in intraocular pressure be- 
tween the timolol-treated and the placebo-treated eyes was 
2.3 + 2.6 mm Hg. Reproducible visual field loss developed in 4 
timolol-treated eyes and 10 placebo-treated eyes. Progressive 
optic disc cupping was noted in 4 timolol-treated and 8 placebo- 
treated eyes. Using a computerized image analysis system, the 
mean + SD increase in optic disc pallor during the course of the 
study was 0.86% + 2.4% in the timolol-treated eyes as opposed 
to 1.80% + 3.6% in the placebo-treated eyes. This study pro- 
vides evidence that lowering intraocular pressure by medical 
treatment reduces the incidence of glaucomatous damage in 
ocular-hypertensive individuals. 

(Arch Ophthalmol. 1 989; 107: 1590-1598) 


i ee with elevated intraocular pressure but 

no detectable visual field loss or optic disc damage 
are often referred to as having ocular hypertension or 
being “glaucoma suspects.” The management of pa- 
tients with ocular hypertension has been quite 
controversial. There are a number of published 
studies on the efficacy of early or prophylactic medi- 
cal treatment in delaying or preventing glaucomatous 
damage in glaucoma suspects. Unfortunately, the 
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published reports are almost equally divided between 
those that find early medical treatment to be 
effective*’ and those that find no clear benefit of 
treatment.® Because of the lack of consensus con- 
cerning the efficacy of medical treatment in cases of 
ocular hypertension, we conducted a randomized, 
double-masked, long-term clinical trial in which sub- 
jects considered to be at moderate risk for developing 
glaucomatous visual field loss were treated in one eye 
with timolol maleate and in the fellow eye with pla- 
cebo. 


SUBJECTS AND METHODS 
Patient Selection 


All subjects recruited for this study were considered to be 
at moderate risk for developing glaucomatous visual field 
loss. The study entry criteria included the following: base- 
line intraocular pressures in both eyes greater than 24 mm 
Hg but less than 35 mm Hg, a difference in baseline 
intraocular pressures between a patient’s right and left eyes 
of less than or equal to 3 mm Hg, age greater than or equal 
to 40 years, open angles on gonioscopy in beth eyes, normal 
and reliable kinetic visual fields on the Goldmann perime- 
ter in both eyes, adequate pupillary dilation for clinica] op- 
tic disc examination and stereoscopic disc photography, 
normal optic discs in both eyes, and patient willingness to 
participate in a randomized study and to return for exam- 
inations three times a year for at least 5 years. 

Patients were excluded from the trial for the following 
reasons: best corrected visual acuity less than 20/50 in ei- 
ther eye; unreliable visual fields; a systemic illness that 
would interfere with follow-up examinations; recent ocular 
infection, inflammation, or trauma; present contact lens 
use; previous intraocular surgery including laser treatment; 
systemic medications that alter intraocular pressure, ie, 
corticosteroids, 6-adrenergic antagonists; bronchial 
asthma or other substantial pulmonary disease; second- or 
third-degree heart block or other cardiac contraindications 
to timolol treatment; other diseases capable of producing 
visual field loss; and previous unilateral treatment for 
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increased intraocular pressure. Women who were pregnant 
or breast-feeding were also excluded from the trial. 

We attempted to recruit every individual who met the 
entry and exclusion criteria listed above. The majority of 
the patients were recruited from the Washington Univer- 
sity, St Louis, Mo, glaucoma referral service. A few patients 
were recruited from the Barnes Hospital eye clinic, St Lou- 
is, Mo. The subjects entered the trial between February 14, 
1980, and March 23, 1982. 

This trial was reviewed and approved by the Human 
Studies Committee of Washington University. All subjects 
reeeived a detailed explanation of the clinical trial before 
being asked to sign a consent form. 


Follow-up Examinations 


Examinations were scheduled every 4 months and in- 
cluded intraocular pressure measurements by calibrated 
Goldmann tonometers, kinetic visual fields on the Gold- 
mann perimeter, and optic disc assessments. Kinetic visual 


~+ fields weredone by a modified Armaly Drance technique. All 


A 


patients had undergone at least one previous visual field test 
before the baseline examination. The technicians perform- 
ing the test were masked as to the treatment assignments 
but not to the previous visual field studies. Nonsimulta- 
neous stereoscopic optic disc photographs were taken 
yearly. Baseline automated perimetry was not performed in 
this study. However, after the trial began, patients were 
tested once or twice a year with automated threshold static 

imetry of the central visual field (Humphrey 30-2 or 
OCTOPUS 32). 


Treatment 


All patients received topical medication twice daily in a 
randomized. double-masked fashion. Each patient started 
treatment with two bottles of eye drops, labeled strength 1 
right eye and strength 1 left eye. One eye of each individual 
was treated with 0.25% timolol and the fellow eye with pla- 
cebo (diluent). If any pressure measurement during the 
study was equal to or greater than 20 mm Hg, the treatment 
for that eye was increased to strength 2. Strength 2 
consisted of either 0.5% timolol or placebo, depending on 
the original randomized assignment. No other topical or 
systemic medications that alter intraocular pressure were 
allowed during the trial unless the patient reached the pri- 
mary study end point of reproducible glaucomatous visual 
field loss. 


Study End Points 


The primary end point of the study was reproducible vi- 
sual field loss detected on three consecutive tests. Before 
initiating the study, kinetic visual field defects were defined 
as the following: a paracentral scotoma 3° wide and 0.5 log 
units deep; a nasal step 10° wide to two or more isopters; a 
temporal wedge defect 10° wide to two or more isopters, an 
enlargement of the blind spot 45° above or below the hor- 
izenta); or an arcuate scotoma. After the study began we 
defined autemated visual field defects as four or more con- 
tiguous points depressed by 5 dB or more. Reproducible ab- 
normalities were defined as defects in the same area of the 
field cn three consecutive tests. All visual fields were 
reviewed in masked fashion by a committee of four clini- 
cians (M.A K., A.E.K., W.M.H., and B.B.). The field tests 
were read in sequence with no masking of dates. In almost 
every case, visual field end points were confirmed by both 
kinetic and automated threshold perimetry. 

If am eye reached the primary end point of reproducible 
visual field loss, the treatment code was broken for that pa- 
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tient and the affected eye was treated eccerding to standard 
clinical practice. The fellow eye was followed up in un- 
masked fashion receiving either timolol or placebo therapy 
according to the original treatment assignment. The treat- 
ment of the fellow eye was not change unless it also devel- 
oped reproducible visual field loss. 

The secondary end point of the study was progressive op- 
tie dise cupping confirmed by a review of stereoscopic disc 
photographs. All photographs were reviewed in a masked 
fashion by the committee of cliniciars listed above. Each 
clinician independently reviewed the photographs in se- 
quence looking for qualitative changes in the appearance of 
the disc. A change was defined as any localized or general- 
ized thinning of the rim. When there was disagreement 
about the presence or absence of change, the photographs 
were reviewed by the entire committee together and a group 
decision was reached. Patients who developed progressive 
optic disc cupping were not withdrawa from the study and 
study treatments were not changed ualess the eye also de- 
veloped reproducible visual field loss. 

In June 1987 optic disc photographs were sent to Bernard 
Schwartz, MD, PhD, Tufts University School of Medicine, 
Boston, Mass. He and his coworkers, Daniel Araujo, MD, 
and Da-Ching Wu, PhD, measured optic dise pallor in 
masked fashion on all patients who had been followed up for 
4 years or more. Optic disc pallor wes quantified using a 
computerized image analysis system.*'* Optic dise pallor 
measurements were not used to determine patient with- 
drawal from the study or to initiate caamges in treatment. 

Intraocular pressure was not used as 2 study end point, 
ie, eyes were not withdrawn from the study because they 
reached a predetermined level of intraocular pressure. 


Statistical Analysis 


The sample size of 65 subjects was computed given the 
following assumptions: 80% power, a one-tailed nominal a 
of 0.05; a 5-year incidence of visual field loss of 25% in the 
placebo-treated eyes; a 5-year incidence of visual field loss 
of 5% in the timolol-treated eyes; a 20% unavailability for 
follow-up; and a 10% rate of unrespensiveness to timolol 
therapy. The projections on visual fie-d less were based on 
the incidence rates for individuals older than 40 years of age 
with similar levels of intraocular pressure reported in the 
Collaborative Glaucoma Study.” 

To minimize the possibility of reg-ession to the mean, 
each patient’s baseline intraocular pressure level was cal- 
culated by averaging all untreated pressure measurements 
from the year prior to enrollment in the study. The effect of 
treatment on intraocular pressure Ov2r time was assessed 
using an analysis of variance (ANCVA) model that ac- 
counted for the pairing of eyes (nested effect) and for the 
repeated measurements during follow-up.” This ANOVA 
model provided an overall test of treatment effect and a test 
of whether the treatment effect chanzed over time. 

Before the onset of the study, th2 McNemar test for 
paired observations was selected for statistical evaluation 
of visual field loss and progressive cptie disc cupping. A 
one-tailed test was selected when the study was designed 
because the primary hypothesis testec was whether timolol 
treatment reduced the incidence of gkucomatous damage. 
We thought it highly unlikely that tim >lolwould worsen the 
prognosis of treated eyes. 

The study ended April 1, 1988. At this point all active pa- 
tients enrolled had more than 5 years of follow-up. Some 
patients had been followed up for as lomg as 8 years. The 
treatment code was broken by a statistician (M.O.G.) who 
did not participate in the assessment of the optic discs or 
visual fields. 
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Table 1.—Outcome of Individuals Entered in the Trial 













No. of 
Patients 








Outcome 













Recruited for the study 65 
Withdrew during baseline studies 1 
Judged ineligible during baseline studies 2 
Discontinued because of adverse reactions 

before 5 years of follow-up 5 
Died before 5 years of follow-up 2 
Developed exclusion criteria before 5 years of 

follow-up 
Developed visual field loss during study 11 
Unavailable for follow-up before 5 years of 

follow-up 10 






Followed up in trial a minimum of 5 years 
without developing visual field loss 








Table 2.—Demographic and Baseline Characteristics of the 
Study Sample* 










No. (%) of 
Patients 





Characteristic Category (n = 62) 
B 25 (40.3) 
Sex F 38 (61.3) 
M 24 (38.7) 
Family history of glaucoma Y 32 (51.6) 
N 30 (48.4) 
History of diabetes mellitus iÉ 13 (21.0) 
N 49 (79.0) 
History of cardiovascular disease Y 25 (40.3) 
N 37 (59.7) 

Exfoliation syndrome y 4 (6.4) 
N 58 (93.6) 





*The mean + SD age at baseline was 58.2 + 8.7 years, with a range of 41 
to 77 years; the mean + SD pulse rate was 75.2 + 11.3 beats per minute; the 
mean + SD systolic blood pressure was 131.2 + 21.5 mm Hg; and the 
mean + SD diastolic blood pressure was 83.0 + 13.5. 


RESULTS 
Patient Outcome 


Sixty-five patients were recruited for the trial 
(Table 1). During baseline studies, 1 subject withdrew 
and 2 subjects were judged to be ineligible for the 
trial: 1 had congestive heart failure and 1 had a pre- 
existing visual field defect. The remaining 62 subjects 
constituted the study sample and the demographic 
information and baseline data of these individuals are 
given in Table 2. Between 9 and 57 months, 5 patients 
developed adverse reactions sufficient to require dis- 
continuation of timolol treatment. Three of the 5 
subjects were discontinued from the study because 
they developed bronchial asthma and 2 were discon- 
tinued because they developed bronchitis and emphy- 
sema. Two patients, each of whom had participated in 
the trial for approximately 36 months, died during the 
study. One patient died of a myocardial infarction and 
1 of a carcinoma of the lung. Neither death was asso- 
ciated with timolol treatment. Two subjects devel- 
oped exclusion criteria before 60 months of participa- 
tion. One patient developed macular degeneration 
with a marked decrease in central vision. One patient 
had Parkinson’s disease and his condition worsened 
to the point where he could no longer provide reliable 
visual field responses. Ten subjects either voluntarily 
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Table 3.—Baseline Characteristics of Patients Who Did and 
Did Not Complete the 5-Year Follow-up or Develop Visual 
Field Loss 










Did Not Completed a 
Complete Minimum 
5-Year 5-Year 
Follow-up Follow-up 
or Develop or Developed 
Visual Field Visual Field 
Loss (n = 19) Loss (n = 43) 


No. of Patients 














p* 








Characteristic 








Measurements, Mean + SD 
61.5 + 8.1 56.8 + 8.6 .05 







Mean baseline intraocular 

pressure in both eyes, 

mm Hg 26.9 + 3.0 
Mean baseline vertical 
cup/disc ratio 
by contour in 
both eyes 0.52 + 0.2 0.47 + 0.2 
Systolic blood 
pressure, mm Hg 
Diastolic blood 

pressure, mm Hg 88.5 + 11.9 81.8 + 9.9 .02 


á Two-tailed Student's ttest for continuous variables and Fisher's Exact Test or 
x? test for dichotomous variables. 


Mean + SD 


Baseline Ocular Status 
OS 


Timolol- Placebo- 
Treated Eyes Treated Eyes 

Characteristic (n = 62) (n = 62) p* 
Intraocular pressure, 
mm Hg 
Vertical cup/disc 
ratio by contour 
Refractive error 
(spherical equivalent) 
Gonioscopic grading 

Outflow facility, 
uL/min per mm Hg 
Optic disc pallor, %t 22.6 
*Two-tailed paired Student's t test. 
tForty-two patients had optic disc pallor measurements. 





26.3 + 4.8 .63 























+ 24.2 









































26.4 + 4.4 26.6 + 4.5 












+0.27 








withdrew or were unavailable for follow-up before 60 
months of follow-up. Eleven patients developed re- 
producible visual field loss in one or both eyes, thereby 
reaching the primary study end point. Thirty-two pa- 
tients were followed up a minimum of 5 years with- 
out developing visual field loss. 
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Tabie 5.—™ssociation Between the Number of Intraocular Pressure Measurements Used to Calculate the Baseline intraocular Pressure 
and the Intraocular Pressure Reduction During the Study 


Eyes Assigned Timolol Treatment, Mean + SD 
oO, 
Reduction in 
Intraocular 
Pressure During 
Study, mm Hg 


Eyes Assigned Placebo Treatment, Mean + SD 
eo Oe ee.“ OT, 
Reduction in 
intraocular Pressure 
During Study, 
mm Hg 


No. of Untzeated 
Intraocular Pressure 
Readings Used to 
Calculate Baseline 
Pressure 


Baseline 
Intraocular 
Pressure, mm Hg 


Baseline 
Intraocular 
Pressure, mm Hg 


No. of 
Patients 


* No. of Patients 62 62 59 57 56 


26.9 + 6.2 
25.3 + 3.9 
26.0 + 3.5 


28 
26 e, 
g * 
= i 
-A 24 Po .@... 
© .. .-°@-..g°* 2. 
a ® oy & 
a @-°° 
E 22 
oO 
Co 
> 
E 
cii 20 
18 


Months 3I 4 8 a. 16. 20. 2 -28 32 


56 54 52 49 46 


After 5 years of participation, one additional pa- 
tient was umavailable for follow-up and three addi- 
tional patients developed exclusion criteria: two of 
these patierts required cataract extraction and one 
required treatment with propranolol for an age- 
related tremor. 

The mean +SD duration of follow-up was 
56.1 + 26.5 months. The adherence with return ap- 
pointments was very high; active patients missed less 
than 5% of their scheduled return appointments. 

To determine whether selective unavailability for 
follow-up introduced a bias, the 19 patients who did 
not completea 5-year follow-up and who did not de- 
velop visua! field loss were compared with the 43 pa- 
tients who cid complete the 5-year follow-up or who 
did develop «sual field loss. The 19 subjects who did 
not complet= the 5-year follow-up and who did not 
develop visual field loss were similar to the remaining 
43 subjects with regard to most prognostic factors 
(Table 3). However, the 19 patients who did not com- 
plete the fo low-up and who did not develop visual 
field loss were older and had higher mean baseline 
systelie and diastolic blood pressure readings. 

Because one eye of each patient was assigned ran- 
domly to timolol treatment and one to placebo treat- 
ment, the baseline characteristics of the timolol- 
treated eyes and the placebo-treated eyes were very 
similar (Table 4). 
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36 40 44 


28.8 + 5.7 
ar. + 6.5 
25.4 + 3.9 
26.2 + 3.5 


Fig 1.—Intraocular pressure (in millimeters of 
mercury) over time in *timolol-treated eyes 
(solid line) and placebo-teated eyes (dotted 


@----@ Placebo line). 


48 52 


56 60 


43 42 39 38 37 35 


intraocular Pressure 

For the purposes of data analysis, the baseline in- 
traocular pressure level for each eye was calculated 
by averaging all untreated pressure measurements 
from the year prior to the patient’s enrollment in the 
study. The patients had between one and four pres- 
sure measurements recorded during this period. 
(Table 5). 

The mean (+SD) difference in intraccular pressure 
between the eyes treated with timolel and the eyes 
treated with placebo during the course of the study 
was 2.3 + 2.6 mm Hg. This overall treatment differ- 
ence was statistically significant (P < 3001, ANOVA) 
and no change in this effect was noted over time (Fig 
1). During the course of the study, timolol treatment 
reduced intraocular pressure from a baseline level of 
26.4 + 4.4mm Hgin the treated eyes to21.6 + 3.7mm 
Hg (P < .0001, two-sided paired Studeat’s t test). Ad- 
ditionally, timolol treatment reduced intraocular 
pressure in the placebo-treated fellow eyes from a 
baseline level of 26.6 + 4.5 mm Hg to 23.8 + 4.0 mm 
Hg (P < .0001, two-sided paired Student’s t test). The 
ipsilateral and contralateral decreases in intraocular 
pressure appeared to be true drug effects and did not 
appear to be the result of the phenomenon known as 
regression to the mean. In both the timolol-treated 
and the placebo-treated eyes, neither the baseline in- 
traocular pressure nor the mean reduction in pressure 
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Table 6.—Glaucomatous Visual Field Loss and Optic 
Disc Cupping 












Placebo-Treated Eye 


Reproducible inferior nasal 
step on kinetic perimetry 
at 87 months; confirmed 
by automated perimetry 

Thinning of entire optic disc 

rim at 49 months 


Reproducible superior 
nasal step and scotoma 
on kinetic perimetry at 
44 months; confirmed by 
automated perimetry 

None Thinning entire optic disc 

rim at 52 months 


Reproducible nasal loss by 
kinetic perimetry at 26 
months; confirmed by 
superior nasal quadrant meridional static cuts 
depressed 5 dB or more; and automated visual 
kinetic visual field normal field 
at 83 months 

Slight thinning inferior optic 

disc rim at 75 months 


Timolol-Treated Eye 









Thinning of inferior optic 
disc rim at 49 months 

























Nasal loss on automated 
visual field only; several 
contiguous points; 










Thinning entire optic disc 
rim at 27 months 
Reproducible inferior nasal 
step and superior 
arcuate scotoma by 
kinetic perimetry at 88 
months; confirmed by 
automated visual field 
None Thinning superior optic disc 
rim at 65 months 


Reproducible superior 
arcuate scotoma and 
superior nasal step by 
kinetic perimetry at 66 
months; confirmed by 
meridional static cuts 

None 


Reproducible superior 
arcuate scotoma by 
kinetic perimetry at 32 
months; confirmed by 
automated perimetry 

Generalized thinning optic 

disc rim at 24 months 


Reproducible inferior nasal 
step and scotoma by 
kinetic perimetry at 82 
months; confirmed by 
automated perimetry 

None Thinning superior optic disc 

rim at 75 months 


Reproducible superior 
nasal step on kinetic 
perimetry at 8 months 
confirmed with meridional 
static cuts 

None Thinning inferior optic disc 

rim at 50 months 


Reproducible superior 
nasal step and superior 
arcuate scotoma on 
kinetic perimetry at 76 
months; confirmed by 
automated visual fields 

None Generalized thinning optic 

disc rim at 64 months 






















Reproducible superior 
arcuate scotoma and 
superior nasal step at 29 
months; confirmed by 
meridional static cuts 









None 















Generalized thinning optic 
disc rim at 28 months 




































Reproducible nasal step on 
kinetic perimetry at 30 
months 

Thinning inferior optic disc None 

rim at 33 months 


Reproducible inferior nasal 
step and scotoma on 
kinetic perimetry at 56 
months; confirmed by 
automated perimetry 

None 















Reproducible inferior nasal 
step on kinetic perimetry 
at 56 months; confirmed 
by automated perimetry 







None 
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during the course of the trial was related to the num- 
ber of pressure measurements used to calculate the 
baselines (Table 5). 

The decision to increase therapy from strength 1 to 


strength 2 for an individual eye was based on a single y 


intraocular pressure reading of 20 mm Hg or more. 
Within 12 months of baseline, 83.6% of the timolol- 
treated eyes and 93.5% of the placebo-treated eyes 
were receiving strength 2 drops. This implies that 
masking was maintained and that technicians and 
ophthalmologists could not infer treatment alloca- 
tion by asking which strength medicine was used in 
which eye. 


Visual Field Loss and Optic Disc Cupping 


Reproducible glaucomatous visual field loss devel- 
oped in 4 timolol-treated eyes and 10 placebo-treated 
eyes (P = .039, one-tailed McNemar test) (Table 6). 
The visual field loss occurred after 29 to 83 months in 
the timolol-treated eyes and 8 to 88 months in the 
placebo-treated eyes. A survival distribution for the 
development of reproducible visual field loss was 
computed using the Kaplan-Meier method (Fig 2). 
Because most of the visual field end points occurred 
late in the course of the study, the data did not meet 
the proportional hazards assumptions of life table 
analysis. Therefore, a sign test was conducted to de- 
termine if treatment delayed the onset of glaucoma- 
tous visual loss as defined in this study. In 8 of the 11 
patients who developed visual field loss the visual 
field defects occurred solely or initially in the place- 


bo-treated eyes. In 2 patients the visual field loss was & 


detected solely or initially in the timolol-treated 
eyes. In 1 patient, the visual field loss was detected si- 
multaneously in both eyes (P = .055, one-tailed sign 
test). 

Clinical progressive optic disc cupping developed in 
four timolol-treated eyes and eight placebo-treated 
eyes (P = .11, one-tailed McNemar test) (Table 6). 
Two eyes developed progressive cupping without de- 
tectable visual field loss. A survival distribution for 
the development of progressing cupping was com- 
puted using the Kaplan-Meier method (Fig 3). In 
seven patients progressive cupping occurred solely or 
initially in the placebo-treated eye. In one patient 


progressive cupping occurred only in the timolol- » 


treated eye, and in one patient progressive cupping 
occurred simultaneously in both eyes (P = .035, one- 
tailed sign test). 

Optic disc pallor was quantified from baseline and 
final optic disc photographs using a computerized im- 
age analysis system in 42 patients who completed a 
minimum 4-year follow-up. In these 42 patients, the 
increase in optic disc pallor during the course of the 
study in the timolol-treated eyes was 0.86% + 2.4% 
as opposed to 1.80% + 3.6% in the placebo-treated 
eyes (P = .02, one-tailed paired Student’s ¢ test). 

Six subjects developed visual field loss, optic disc 
cupping, or both in one eye only. In five of the six sub- 


jects, these events occurred only in the placebo- + 


treated eyes. The only patient who developed visual 
field loss and progressive cupping solely in the 
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Fig 2.— Survival distribution for reproducible 
100 SS ===} visual field loss over time in timolol-treated 
eee eyes (solid line) and placebo-treated eyes 

90 lnm (dashed line). Kaplan-Meier method. 
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Fig 3.— Survival distribution for progressive 
100 optic disc cupping over time in timolol-treated 
eyes (solid line) anc placebo-treated eyes 
(dashed line). Kaplan-Meier method. 
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timolol-treated eye had a baseline intraocular pres- drome developed either glaucomatous visual field loss 
sure 2 mm Hg higher in the treated eye. Timolol or progressive cupping during the study. 

treatment did not reduce intraocular pressure sub- The 14 eyes that developed reproducible glaucoma- 
stantially and the timolol-treated eye continued to tous visual field loss had a baseline intraocular pres- 
have higher pressures than the placebo-treatedeyeby sure of 31.2 + 7.2 mm Hg while the 110 that did not 
1 to 8 mm Hg (mean, 3.5 mm Hg) during the course develop glaucomatous visual field loss had a mean 
of the study. This patient developed progressive cup- baseline intraocular pressure of 25.9 + 3.6 mm Hg. 
ping and visual field loss ‘nthetimolol-treatedeye.He During the course of the study and irrespective of 
was then follewed up for 1 more year, at which time treatment, the 14 eyes that developed visual field loss 
he died. had an intraocular pressure of 27.0 + 44 mm Hg 


None of the four patients with the exfoliation syn- while the 110 eyes that did not develop visual field loss 
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Fig 4.—The development of reproducible glau- 


Follow-up, mo 


No. of Patients 


had a mean pressure of 22.2 + 36 mm Hg. A survival 
distribution of visual field loss at different levels of 
intraocular pressure was computed using the Kaplan- 
Meier method (Fig 4). 


Pulse and Blood Pressure 


During the course of the study, timolol treatment 
was associated with slight decreases in pulse rate and 
blood pressure. Compared with baseline, the 11 pa- 
tients who lost visual field had a mean decrease in 
pulse rate of 0.3 + 8.6 beats per minute, a mean in- 
crease in systolic blood pressure of 2.7 + 13.7mm Hg, 
and a mean decrease in diastolic blood pressure of 
3.8 + 12.0 mm Hg. The 51 patients who did not 
develop visual field loss had a mean decrease in pulse 
rate of 2.7 + 11.4 beats per minute and mean de- 
creases in systolic and diastolic blood pressure of 
2.6 + 12.4 and 4.4 + 8.7mm Hg, respectively. None of 
these changes in pulse or blood pressure was statis- 
tically significant except for the decrease in diastolic 
pressure in the patients who did not develop visual 
field loss (P < .001, two-tailed paired Student’s t test). 
The changes in pulse and blood pressure were not 
significantly different between the two groups of pa- 
tients. 


COMMENT 


There is no clear consensus on the issue of whether 
medical treatment prevents or delays the onset of 
glaucomatous damage in individuals with ocular 
hypertension.‘ The published investigations on this 
matter have used a variety of study designs and 
yielded conflicting results. 

In our study, timolol treatment reduced the inci- 
dence of glaucomatous visual field loss in subjects 
with ocular hypertension. Timolol treatment also ap- 
peared to retard the increase in optic disc pallor mea- 
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sured by computerized image analysis. A similar 
trend was noted for progressive optic disc cupping as 
documented by stereoscopic photography. It is un- 
likely that the protective effect of timolol therapy was 
specific to the drug but rather it represents a general 
effect of reducing intraocular pressure. 

Unilateral timolol treatment produced substantial 
intraocular pressure reductions in both treated and 
contralateral placebo-treated eyes. This phenomenon 
has been described and, thus, was expected.'*” None- 
theless, the contralateral pressure reduction was of 
greater magnitude and longer duration than we 
anticipated. Recently, Kwitko and coworkers” re- 
ported long-term contralateral reductions in intraoc- 
ular pressure of similar magnitude with unilateral 
timolol treatment. The reduction in both the timolol- 
treated and placebo-treated eyes does not appear to be 
related to the phenomenon referred to as regression 
to the mean since similar decreases were found in pa- 
tients who had only one baseline pressure measure- 
ment and those who had 2, 3, and even 4 during the 
year preceding the study. It seems likely that the 
contralateral intraocular pressure reduction was a 
true drug effect and that it obscured the protective 
effect of timolol treatment as it narrowed the pres- 
sure differential between the timolol-treated and 
placebo-treated eyes. This trial was planned as a 
comparison of treated and untreated eyes. In reality, 
it more likely represents a comparison of treated and 
partially treated eyes. At each follow-up visit, the 
treatment regimen was reviewed and patients were 
reminded to use their eye drops as directed. However, 
no direct measurements of compliance were made 
during the trial. If the patients failed to comply with 
treatment or if they became confused and instilled 
timolol in both eyes, the difference in intraocular 
pressure between the timolol-treated and placebo- 
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treated eyes would have been further reduced. It is 
striking that a difference was found in the incidence 
of visual field loss in timolol-treated and placebo- 
treated eyes despite the potential problems of a con- 
tralateral pressure reduction, defaulting from ther- 
apy, and patient confusion about the regimen. 

There are some obvious limitations to this study. 
The original sample was relatively small (n = 65) and 
there was a substantial loss of subjects because of 
voluntary withdrawal as well as the development of 
exclusion criteria and drug-related side effects. Given 
the age of the subjects, the mobility of the population, 
the lack of a life-threatening disease to bind patients 
to the trial, and the lack of a reduction of symptoms 
from treatment, it is not surprising that a substantial 
number of individuals failed to complete the study. It 
should be noted that the patients who voluntarily 
withdrew or were discontinued from the study before 
5 years becauseof side effects or exclusion criteria did 
not differ substantially in most of their baseline 
characteristics from those individuals who either 
completed 5 years or developed visual field loss. 
Beeause of the paired study design, the withdrawals 
affected the timolol-treated and placebo-treated 
groups equally. 

Another important point for discussion is whether 
the results ef this trial can be applied to all individ- 
uals with increased intraocular pressure. This study 
demonstrated a protective effect of timolol treatment 
in seleeted individuals considered to be at moderate 
risk for developing open angle glaucoma because of 
various risk factors, including moderate levels of oc- 
ular hypertension, large cup/disc ratios, a family 
history of glaucoma, and race. Individuals without 
known risk factors and with borderline or only 
slightly increased intraocular pressure are at rela- 
tively low risk for developing open angle glaucoma. It 
is not clear whether people at low risk would benefit 
from long-term medical treatment to reduce intraoc- 
ular pressure. 

The final issue of concern is whether unilateral 
timolol treatment was toxic to the placebo-treated 
fellow eyes. Some investigators have questioned 
whether unilateral timolol therapy might reduce the 
blood flow or perfusion to the fellow eyes without re- 
ducing intrzocular pressure, thereby leaving the fel- 
low eyes less resistant to the effects of ocular 
hypertension.” However, no clinically significant re- 
ductions in pulse rate or blood pressure were noted 
during this trial in either the patients who developed 
visual field loss or the patients who did not. Further- 
more, the unilateral administration of timolol pro- 
duced a contralateral reduction of intraocular pres- 
sure, which prebably protected the placebo-treated 
fellow eyes. Finally, in animal and human studies re- 
ported to date, topical timolol administration did not 


produce substantive changes in retinal blood flow,” 
systolic retinal perfusion pressure,” or ophthalmic 
artery blood pressure.” 

It is also important to emphasize the strengths of 
this trial. This study was planned and conducted as a 
randomized, double-masked, prospective trial. The 
major end points and the statistical methods were 
selected before the study began. Review of optic disc 
cupping and visual field data was done by a commit- 
tee of four experienced clinicians who were masked as 
to the treatment assignments. These design features 
protected the trial from investigator bias, post hoc 
selection of end points, and biased allocation of 
patients to treatment. The randomized assignment of 
treatment balanced for both knownand unknown risk 
factors. Another strength of the study was the selec- 
tion of individuals judged to be at moderate risk for 
developing open angle glaucoma. This allowed an as- 
sessment of the efficacy of prophylactic treatment in 
the group most likely to benefit from treatment. 

The incidence of visual field loss reported in this 
study is higher than that reported in many other 
publications.” However, the individuals re- 
cruited for this trial had higher prevalences of known 
risk factors, including higher baseline intraocular 
pressures, larger baseline cup/disc ratios, and a more 
frequent family history of glaucoma.” Two recent 
studies have also found high incidences of visual field 
loss in ocular hypertensive individuals." Similar to 
our trial, both of these studies also recruited glau- 
coma suspects at moderate risk for developing open 
angle glaucoma. The study was planned more than 10 
years ago and glaucomatous damage was defined in a 
rigorous and conservative fashion. Many ophthalmol- 
ogists today would diagnose glaucoma on other find- 
ings, including nerve fiber layer loss and progressive 
disc changes detected on image analysis. These newer 
tests are more sensitive and if they had been available 
throughout the study, the incidence of glaucoma 
might have been even higher. The use of stringent 
end-point criteria also delayed the diagnosis of glau- 
coma until later in the course of the disease. 

The inclusion and exclusion criteria for the study 
produced a relatively homogeneous sample with re- 
gard to risk factors for the development of open an- 
gle glaucoma, precluding a meaningful analysis of 
such factors. This problem was magnified by the rel- 
atively small sample size and the low number of pa- 
tients developing glaucoma. Accordingly, no risk fac- 
tor analysis is reported here. A brief discussion of risk 
factors appears elsewhere.” 


This study was supported in part by a grant from Merck Sharp 
& Dohme Research Laboratories, West Point, Pa, and a depart- 
mental grant from Research to Prevent Blindness Inc, New York, 
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Reversal of Glaucomatous Optic Disc Cupping 


in Adult Patients 


“Pong H. Shin, MD, PhD; Magda Bielik, MD; Young J. Hong, MD; Karen S. Briggs, DO; Dian X. Shi, MD 


è A prospective study of reversal of 
glaucomatous optic disc cupping was per- 
formed by topographic optic disc analysis 
using the optic nerve head analyzer (Ro- 
denstock analyzer, G. Rodenstock Instru- 
mente GMBH, Munich, West Germany) in 
13 adults with chrenic open angle glau- 
coma. Intraocular pressure decreased 
from the mean (+5D) initial intraocular 
pressure of 33.2 + 8.2 mm Hg to the final 
intraocular pressure of 16.9 + 6.1 mmHg 

> over 13.6 + 10.4 weeks. Mean (+SD) 
cup-disc ratio decreased significantly, 
from 0.573 + 0.207 to 0.499 + 0.198, 
and mean (+SD) newroretinal rim area in- 
creased significantly, from 0.913 + 0.341 
to 1.042 + 0.284 mm’. The decrease of 
mean (+5D) cup volume from 0.592 + 
0.966 to 0.451 + 0.703 mm’ was only 
marginally significant. However, more 
meaningful was a finding that reversal of 
cup volume, like reversals of cup-disc ratio 
and fim area, was directly proportional to 
the percent IOP reduction (r = .669 for 
cup volume reversalis = .626 for cup-disc 
ratio reversal; and ~ = .675 for rim area 
reversal). 

(Arch Ophihalmol. 
1603) 


1989; 115:1599- 


The appearamce of the glaucomatous 

optic disc may improve after in- 
traocular pressure (IOP) is lowered. 
Such a reversal of glaucomatous cup- 
ping has been described in infantile, 
juvenile,and adult patients with glau- 
coma, although much less frequently 
and consistently in the adult cases.’ 
Most studies have relied on subjective 
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evaluation of optic disc photographs to 
assess reversal of glaucomatous optic 
disc cupping.*’*"!3"6 Such evaluation, 
although useful, has been shown to 
have considerable interobserver or in- 
traobserver variability.” ” 

Recently, a prospective study of the 
immediate effect of acute IOP reduc- 
tion on the glaucomatous optic disc 





See also p 1583. 





was presented.'* However, a prospec- 
tive study of the long-term effect of 
prolonged IOP reduction on the glau- 
comatous optic disc, while equally im- 
portant for the understanding of the 
cupping, has not been reported, to our 
knowledge. 

We carried out a prospective study 
to investigate reversal of optic disc 
cupping associated with prolonged re- 
duction of IOP in adults with chronic 
open angle glaucoma (COAG). The op- 
tic disc analysis was accomplished by 
the method of a computerized video- 
graphic image analysis,**! which is 
more objective than the methods of the 
previous studies on optic disc cup 
reversal.*77 113-16 


SUBJECTS AND METHODS 


We performed a prospective study of op- 
tic disc analysis using a prototype of the 
Rodenstock Optic Nerve Head Analyzer***! 
(G. Rodenstock Instrumente GMBH, Mu- 
nich, West Germany) on 13 eyes of 13 adult 
patients with COAG (9 white and 4 black; 8 
female and 5 male). The 13 eyes with COAG 
had elevated mean (+SD) IOP (33.2 + 8.2 
mm Hg) despite the use of various medical 
regimens and had characteristic glaucoma- 
tous visual field defects. Visual field analy- 
sis by Humphrey central threshold tests 
demonstrated paracentral scotomas, such 
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as single points of 10-dB or greater depres- 
sion, and clusters of at least three contigu- 
ous points of 5-dB cr greater depression 
with or without a nasal step in 9 eyes with 
early COAG. A full arcuate scotoma, ex- 
tending from the blind spot to the horizon- 
tal meridian on the nasa! side, in a hemi- 
field with or without paracentral scotomas 
and/or a nasal step in the other hemifield, 
was present in 4 eyes with moderate glau- 
coma. The 13 patients were consecutively 
included in our study on the basis of a 
greater than 5-mm Hg pressure reduction 
following therapy during at least 2 weeks 
and successful completion of videographic 
image analysis of the optie disc with the 
Rodenstock analyzer in at least 1 eye, both 
before and after IOP reduction (Table 1). In 
10 patients, only 1 eye met the inclusion 
criteria. In the remaining 3 patients, both 
eyes met the inclusicn criteria, but only 1 
eye per patient was rendomly selected to be 
included in this study.” 

The IOP was lowered in nine eyes by 
medical therapy alone, in two by medical 
therapy and laser trabeculoplasty, and in 
two by trabeculectomy (Table 1). The mean 
IOP before reduction was 33.2 + 8.2mm Hg 
when the first optic disc analysis was done. 
The IOP had been lowered by a mean mag- 
nitude of 16.3 + 6.& mm Hg (48.3% + 
15.7% ) to a mean final IOP of 16.9 + 6.1mm 
Hg for a mean duration of 13.6 + 10.4 
weeks when the optic disc analysis was re- 
peated. None of the eyes developed a sub- 
stantial change in refractive error, a de- 
crease in visual acuity, clinically visible disc 
edema,™™!* or an increase in the caliber of 
the retinal veins'* at repeated optic disc 
analysis, after IOP reduction. All the IOP 
measurements in the study were done by 
Goldmann applanaticn tonometry. 

The optic disc topographic parameters 
selected for evaluaticn in this study were 
cup-dise ratio, neuroretinal rim area, and 
cup volume, after correction for magnifica- 
tion caused by the aptical system of the 
eye. We compared the eptie disc param- 
eters at the time of high DOP with those at 
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lowered IOP both with and without respect 
to such variables as the percent IOP reduc- 
tion, duration of IOP reduction, and age of 
the patients. Optic disc color photographic 
transparencies in stereo pairs taken with a 
Zeiss fundus camera at or near the time of 
the optic disc analyses before and after IOP 
reduction with therapy were also evaluated 
for a qualitative evidence of optic dise cup 
reversal by stereoscopic viewing with mag- 
nification. Paired or unpaired two-tailed ¢ 
test, Fisher’s Exact Test, and simple or 
multiple linear regression analysis were 
used for statistical analyses. 


RESULTS 


The computerized videographic op- 
tic dise analysis with the Rodenstock 
analyzer revealed a Significant de- 
crease of the mean cup-dise ratio 
from 0.573 + 0.207 to 0.499 + 0.198 
(P = .016) and a significant increase in 
the mean neuroretinal rim area from 
0.913 + 0.341 to 1.042 + 0.284 mm? 
(P = .008) associated with prolonged 
IOP reduction (Table 1). However, the 
decrease of mean cup volume from 
0.592 + 0.966 to 0.451 + 0.703 mm: at- 
tained only marginal statistica] signif- 
icance (P = 086). Furthermore, a 
great deal of individual variation in 
the reversal of each optic disc param- 
eter was reflected in the large SD of its 
mean value (Table 1). Additionally, not 
all of the 13 eyes with COAG showed 
reversal. While reversal with respect 
to each individual optic disc parameter 
was seen in 10 eyes (77%), apparent 
progression was noted in 3 (23% ) 
(Table 1, Figure); while 8 eyes (62% ) 
showed reversal of all three optic dise 
parameters, the remaining 5 (88% ) 
showed reversal of two or less and 
progression of one or more optic dise 
parameters (Table 1). Interestingly, 5 
eyes (38%) showed qualitative evi- 
dence of optic disc cup reversal on ste- 
reoscopic viewing of the paired optic 
disc color photographs (Table 1). Not 
surprisingly, these 5 eyes were among 
the 8 that showed reversal of al] three 
optic disc parameters but not among 
the remaining 5 eyes that showed re- 
versal of two or less (P < .05 by Fish- 
er’s Exact Test). In fact, the 5 eyes that 
showed the qualitative reversal were 
the ones with greatest quantitative 
reversal overall (Table 1). 

The large individual variation in the 
reversal of glaucomatous optic disc 
cupping as well as considerable varia- 
tions in such potentially important 
variables as the magnitude of IOP re- 
duction (48.3% + 15.7% ), duration of 
IOP reduction (13.6 + 10.4 weeks), and 
age of patients (58.1 + 13.0 years) log- 
ically led us to explore simple and 
multiple regression analyses of the re- 
versal of glaucomatous optic dise cup- 
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ping on the potentially important vari- 
ables. 

Simple linear regression analyses of 
the reversals of the optic dise param- 
eters (eg, the decrease of the cup-dise 
ratio, the increase of the neuroretinal 
rim area, and the decrease of the cup 
volume) on the percent IOP reduction 
are presented in Table 2 and the Fig- 
ure. The reversal of each optic disc pa- 
rameter showed a statistically signif- 
icant, directly proportional relation- 
ship to the percent IOP reduction as 
follows: cup-dise ratio reversal = 
0.109 + 0.004 X percent IOP reduction 
with r= .626 and P= 022; rim area 
reversal (in square millimeters) = 
—0.178 + 0.006 X percent IOP reduc- 
tion with r=.675 and P= 011; and 
cup volume reversal (in cubic 
millimeters) = 0.418 + 0.012 x per- 
cent IOP reduction with r = .669 and 
P = .012. On the other hand, the dura- 
tion of IOP reduction and the age of the 
patients did not correlate significantly 
with the reversal of any of the optic 
disc parameters (Table 2). Further- 
more, in a multiple linear regression 
analysis, unlike the percent IOP reduc- 
tion, neither the duration of IOP re- 
duction nor age was found to have sig- 
nificantly influenced the reversal of 
glaucomatous optic disc cupping 
(Table 3). Additionally, there was no 
significant difference in reversal of 
each optic disc parameter between 
seven eyes with duration of IOP reduc- 
tion less than 11 weeks and six eyes 
with this duration greater than 11 
weeks, while the mean percent IOP re- 
ductions of the two groups were virtu- 
ally identical (Table 4). 
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COMMENT 


Our present study provides strong 
evidence that reversal of glaucoma- 
tous optic disc cupping is associated 
with a prolonged reduction of IOP in 
adult patients with COAG (Tables 1 
through 3, Figure). The mean optic disc 
parameters, except for the mean cup 
volume, showed statistically signifi- 
cant reversals following the mean IOP 
reduction of 163+68 mm Hg 
(48.3% + 15.7%) for a mean duration 
of 13.6 + 10.4 weeks. 

Much more meaningful and note- 
worthy than the mean reversal of each 
optic disc parameter was a statisti- 
cally significant, close relationship be- 
tween the reversal of each optic disc 
parameter and the percent IOP reduc- 
tion (Tables 2 and 3, Figure). The 
reversal of optic disc cupping was in 
direct proportion to the percent IOP 
reduction. Thus, the greater the mag- 
nitude of IOP reduction, the greater 
the reversal; those with a low percent 
IOP reduction tended to show no re- 
versal or even showed progression 
(Table 2, Figure). 

The duration of IOP reduction be- 
tween the initial and the repeated op- 
tic disc analyses did not appear to bea 
significant factor, either as an inde- 
pendent variable (Table 2) or as a 
covariate in conjunction with the per- 
cent IOP reduction and the age of the 
patients (Table 3), in the reversal of 
the glaucomatous cupping of the optic 
disc. Furthermore, there was no sig- 
nificant difference between the groups 
of eyes with duration of IOP reduction 
less than and greater than 1] weeks, 
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while the mean percent IOP reductions 
of the two groups were virtually iden- 
tical (Table 4). If appears then that the 
optie dise c_p reversal, proportionate 
to the magnitude of IOP reduction, 
must have veem complete during the 
first 2 weeks of IOP reduction, with 
little more curring beyond that time 
in the nine eyes that received only 
medical the-apy. 

In the present study of only adult 
patients with glaucoma, the age of the 
patients als did not significantly in- 
fluence the -eversal of the glaucoma- 
tous cupping of the optic disc (Tables 2 
and 3). Thac does not mean that the 
duration of OP reduction and the age 
of the patieats might not be statisti- 
cally significant in a different study 


design, sucheas one with varying dura- 


tion within “he first 2 weeks of IOP re- 
duction and a larger or more diverse 
patient popt lation, ie, one not limited 
to adult pat ents. 

In the nire eyes in which IOP was 
lowerec on = long-term basis by med- 
ical therapy that did not include a hy- 
perosmotic agent, disc edema*'*" 
would not heve occurred and therefore 
could mot h=ve been the cause of the 
apparent optic disc reversal. On the 
other hand. dise edema would have 
been a possible cause in the remaining 
four eyes tat received surgical ther- 
apy if the pcstoperative follow-up had 
been less then 2 months." In our study, 
however, the two eyes that received 
argon laser trabeculoplasty and the 
twe eyes thet received trabeculectomy 
had intervaB between the surgery and 
the repeated optic disc analysis of 
longer than 2 months and longer than 
4 months, respeetively. Thus, the disc 
edema couldnot have been responsible 
forthe appa ent optic disc cup reversal 
in our study 

Ours was a prespective study on the 
long-term ef ect on glaucomatous optic 
dise cuppingof aprolonged IOP reduc- 
tion, different from a previous pro- 
spective stuey on the immediate effect 
of acute IO?” reduction following ad- 
ministratior of a hyperosmotic 
agent.'* Our study suffers, however, 
from a relatively wide range of dura- 
tion of IOP seduction. Furthermore, it 
would have been more meaningful if 
the overall curation of the IOP reduc- 
tion had been longer. Thus, it remains 
to be establBhed in a longer follow-up 
study whetl=r the apparent optic disc 
cup reversabobserved in our study will 
persist as bng as the IOP remains 
lowered. Am attempt would also have 
to be made in the future to investigate 
a possible zorrelation between the 
structural cl anges of the optic disc cup 
and visual nction. Within the con- 
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Plots of reversals of cup-disc ratio (top), rim area (middle), and cup volume (bottom) against per- 
cent intraocular pressure (IOP) reduction, depicting regression lines (streight solid lines) and 95% 
confidence limits (curved broken lines) according to the simple linear regression analyses 
(r = .626 and P = .022 for cup-disc reversal; r = 675 and P = .011 for rim area reversal; and 
r= .669 and P = .012 for cup volume reversal). 


Table 2.—Results of Simple Linear Regression Analysis of Each Optic Disc Parameter 
Reversal on Each Independent Variable of Percent Intraocular Pressure (IOP) 
Reduction, Duration of IOP Reduction, and Patient Age 


Cup-Disc Ratio Rim Area Cup Volume 


Reversal Reversal Reversal 


Variable 
% IOP reduction ) j .669 
Duration, wk 
Age, y 
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Reversal 
r 71S 
P for % IOP reduction .024 
P for duration, wk .172 


P for age, y .831 


Cup-Disc Ratio 










Rim Area Cup Volume 

Reversal Reversal 
.719 .699 
.020 .024 
.319 .485 









.598 






Table 4.—Duration of Intraocular Pressure (IOP) Reduction and Reversals 
| of Optic Disc Parameters 


Duration 
of IOP 
Reduction, % IOP 
wk Reduction 
48.53 + 12.79 


48.12 + 19.90 


p* 
*Unpaired two-tailed f test. 


straints of the present study as de- 
scribed above, however, there are sey- 
eral potentially important clinical im- 
plications. 

First, our study findings underscore 
the beneficial effect of IOP reduction 
with therapy in contrast to the poten- 
tial adverse consequence of no therapy 
in patients with glaucoma. Second, the 
observation that the greater the mag- 
nitude of IOP reduction, the greater 
the optic disc cup reversal, implies that 
it may be sensible to try to achieve as 
much IOP reduction as possible at a 
reasonable cost and risk, short of caus- 
ing a clinical hypotony. Third, by com- 
puterized analysis of the optic disc 
with an instrument such as the Roden- 
stock analyzer, the apparent reversal 
of glaucomatous cupping following 
IOP reduction, even in adult patients 
with glaucoma, will prove to be more 
common than with the use of subjec- 
tive techniques. Likewise, progression 
of glaucomatous cupping of the optic 
disc is expected to be more readily 
quantifiable. 

However, the computerized optic 
dise analysis with use of the Roden- 
stock analyzer is not without limita- 
tions. It requires pupillary dilation of 
greater than 4.5 mm and clear ocular 
media. Thus, in many patients with 
COAG receiving miotic therapy or 
with substantial lens opacity, corneal 
opacity, or epithelial disturbance, an 
analysis with the Rodenstock analyzer 
is difficult, if not impossible. Further- 
more, the operator’s input of register- 
ing paired videographic optic dise im- 
ages and marking the optic disc mar- 
gin on the video monitor are crucial in 
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Reversals of Optic Disc 
Parameters, Mean + SD 


Cup-Disc Rim Area, Cup Volume, 
Ratio mm? mm* 


0.053 + 0.077 0.114 + 0.157 0.186 + 0.364 
0.100 + 0.115 0.147 + 0.149 0.088 + 0.106 


the optic disc analysis with the Roden- 
stock analyzer.* Also of concern was 
the potential effect on the optic dise 
analysis with the Rodenstock analyzer 
of progressive thinning of the retinal 
nerve fiber layer with advancing optic 
nerve damage.” Such a phenomenon 
may Cause an underestimation of pro- 
gressive glaucomatous optic nerve 
damage and, to a lesser extent, of a 
glaucomatous cup reversal by the cup 
volume estimation. However, the 
highly significant correlation of the 
cup volume change with the percent 
IOP reduction observed in the present 
study attests that the potential change 
in the retinal nerve fiber layer thick- 
ness could not have critically affected 
the estimation of the cup volume 
change. Although the estimation of 
the rim area and the cup-dise ratio 
may be subject to potential variation 
caused by the distance of 150 um from 
the anterior surface of the optic disc 
edge, a painstaking study comparing 
the planimetric estimation of the rim 
area with that determined using the 
Rodenstock analyzer demonstrated a 
very close correlation between the two 
values.” 

The mechanism of optic disc cup re- 
versal may be both structural and 
physiological. Preliminary evidences 
indicates a decrease of cup depth that 
is dependant on IOP reduction, show- 
ing reversal of backward bowing of the 
lamina cribrosa and secondary optic 
nerve cup reversal in adult patients 
with glaucoma, as had been observed 
in patients with infantile glaucoma.‘ 
Backward compression and displace- 
ment of the lamina cribrosa in re- 
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sponse to elevation of IOP in vitro% 
and an indirect evidence of anterior 
bowing of the trabeculae comprising 
the lamina cribrosa in hypotony in 
vivo” are also suggestive of relative 
plasticity of the lamina cribrosa. In 
addition, the scleral canal that may be 
enlarged as the result of prolonged 
glaucoma even in some adult 
patients™! may decrease following 
IOP reduction to contribute to the cup 
reversal,” as in patients with infantile 
glaucoma.” With reversal of back- 
ward bowing of the lamina cribrosa,*"* 
there may be secondary relief of com- 
promise of the optic nerve fibers, pos- 
sibly caused by stretching, compres- 
sion, strangulation, and/or hypoxia 
associated with prolonged increase of 


IOP and backward bowing of the lam-j 


ina cribrosa.” Then, rehabilitation of 
some of the compromised, but not 
atrophied, optic nerve fibers may oc- 
cur, possibly by reestablishment of 
normal axoplasmic flow? and/or 
perfusion.5:4748 

The present findings on glaucoma- 
tous cup reversal should be confirmed 
on a larger population of patients with 
COAG and their clinical implications 
explored further. 
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Posterior Lip Sclerectomy vs Trabeculectomy 


in West Indian Blacks 


M. Roy Wilson, MD 


è Surgical treatment in a West Indian 
black population with primary open angle 
glaucoma was randomized to full-thick- 
ness posterior lip sclerectomies or partial- 
thickness trabeculectomies. Forty-five 
posterior lip sclerectomies and 35 trabe- 
culectomies were performed. With a mean 
follow-up period of 28.3 months, the eyes 
with posterior lip sclerectomies had lower 
intraocular pressures, reduced glaucoma 
medication requirements, and less fail- 
ures. Decline of visual acuity did not differ 
significantly between the two groups, but 
early visual acuity loss due to accelerated 
cataract formation was noted more fre- 
quently with posterior lip sclerectomies. 
The incidence of flat anterior chambers 
also did not differ significantly, but shal- 
low anterior chambers were more frequent 
and persisted for a longer time with poste- 
rior lip sclerectomies. Other complications 
were more frequent with posterior lip 
sclerectomies. 

(Arch Ophthalmol. 
1608) 
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Saint Lucia is an island in the South 
Caribbean with a homogeneous, 


well-defined, black West Indian popu- 
lation. Glaucoma is the major oph- 
thalmic problem on this island; esti- 
mates of its prevalence exceed 12% of 
the adult population over 30 years of 
age.' The relative transportation diffi- 
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culties coupled with the relative lack of 
glaucoma medications make reliable, 
routine, nonsurgical management of 
glaucomatous patients difficult. A sur- 
gical procedure that can effectively 
lower the intraocular pressure (IOP) 
to a “safe” level that is long-lasting is 
desirable. 

Prospective, randomized clinical tri- 
als comparing trabeculectomies with 
full-thickness filters have been per- 
formed, but these studies were in ra- 
cially mixed populations.+ A more re- 
cent study* compared these two proce- 
dures in the Saint Lucian West Indian 
black population but this study was 
neither randomized nor prospective, 
and lacked standardization of surgical 
technique. The results ef this latter 
study suggested that a full-thickness 
sclerectomy may be a more desirable 
filtering operation than trabeculec- 
tomy in that population. The present 
study is a randomized, prospective 
clinical trial comparing early results 
of full-thickness posterior lip sclerec- 
tomies (PLS) to partial-thickness tra- 
beculectomies in the same West Indian 
black population. 


MATERIALS AND METHODS 


The study population consisted of black 
patients with primary open angle glau- 
coma. All the patients were examined by 
the author and assessed as having unac- 
ceptably high IOPs with glaucomatous op- 
tic nerve damage requiring filtration sur- 
gery. Two patients from the PLS group had 
previous argon laser trabeculoplasties per- 
formed and none had previous eye surgery. 

All surgeries were performed at the 
Queen Victoria Hospital in Saint Lucia by 
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the author or by a senior resident from the 
Massachusetts Eye and Ear Infirmary, 
Harvard Medical School, under the direct 
supervision of the author, between July 
1985 and June 1986. The choice of filtration 
procedure was made the morning of surgery 
in a randomized fashion. 

All operations were performed with local 
anesthesia using a modified Van Lint lid 
block and retrobulbar injection of a 1:1 mix- 
ture of 2% lidocaine hydrochloride with 
epinephrine, 1:100000, and 0.75% bupiv- 
acaine hydrochloride. A superior rectus bri- 
dle suture of 4-0 silk was placed and the 
globe rotated downward. A limbal-based 
conjunctival flap was prepared in the supe- 
rior nasal quadrant. Excess Tenon’s capsule 
was dissected, avoidingconjunctival button- 
holes or dissection into the episcleral tissue. 
Attention was paid to meticulous hemo- 
stasis with underwater bipolar cautery. 

For the PLS, the cenjunctival flap was 
advanced as far anterierly as possible using 
a No. 15 Bard Parker blade to sweep away 
adhesions. After making a paracentesis 
through clear cornea with a 15° superblade, 
the superblade was used to make a 3-mm 
incision circumferentially through the cor- 
nea immediately posterior to the conjunc- 
tival reflection. A Kelly Descemet punch 
was used to make multiple scleral punches 
to achieve an approximately 2.5 X 1.5-mm 
sclerectomy. Light bipolar cautery was ap- 
plied to the posterior edge of the sclerec- 
tomy to promote mild tissue retraction. A 
wide basal iridectomy was then made, fol- 
lowed by closure of the conjunctiva with 
10-0 nylon in a continuous fashion. 

For the trabeculectomies, the conjuneti- 
val flap was advanced to the midlimbal 
area. A limbal-based sclera] rectangular 
flap (4mm long, 3mm wide, and half thick- 
ness) was dissected with a No. 57 Beaver 
blade. The dissection was carried well into 
the cornea. After making a paracentesis, 
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Fig 1.—Diffuse, cystic bleb in an eye that underwent a posterior lip 


sclerectomy. 


Fig 2.—Local, cystrc bleb in an eye that underwent a posterior lip 


sclerectamy. 





the scieral flappwas retracted upward anda 
8-mm circumferential incision was made 
with thesuperblade into the anterior cham- 
ber just posterior to the reflection of the 
flap. A Eelly Descemet punch was used to 
make the sclerectamy, and the posterior 
edge af the sclerectomy was lightly cauter- 
ized. A wide basal iridectomy was made and 
the scieral flapwwas loosely placed back into 
positien with two sutures of 10-0 nylon at 
the cerners. The eonjunctiva was closed 
with 10-0 nylon in a continuous fashion. 
At he end of both procedures, balanced 
salt solution was injected through the para- 
eentesis to deepen the anterior chamber 
and to ensure good bleb formation. Topical 
atrepime sulfate(1% ), 1% prednisolone ac- 
etate. and chloramphenicol were applied, 
followed by placement of a light patch and 
shield. The patients remained in the hospi- 
tal for at least 3 days postoperatively and 
were discharged or the fourth day, if they 
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were in stable condition. The postoperative 
medical regimen consisted of 1% atropine 
twice daily, chloramphenicol four times per 
day, and 1% prednisolone acetate every 2 
hours while the patient was awake. All 
medications were gradually tapered over a 
2-month period. 

Follow-up examinations were performed 
at least weekly for the first month, with 
longer follow-up intervals thereafter as 
deemed clinically appropriate. Generally, 
when the patients were in stable condition, 
they were followed up at 3-month intervals. 
Visual acuities were measured with the pa- 
tient’s best refraction with an illuminated 
Snellen chart placed at 6 m. Assessment of 
bleb character was determined as follows 
(Figs 1 through 4): (1) diffuse—the bleb was 
visible for at least 2 clock hours around the 
limbus or posteriorly to the wound suture 
line; (2) local—the bleb was visible only in 
the area immediately surrounding the 
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Fig 3.—Diffuse, thick bleb in an eye that underweat a trabeculectomy. 


Fig 4.—Local, thick bleb in an eye that underwerm a trabeculectomy. 
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sclerectomy for up to 2 cock hours; (3) cys- 
tic—thin, avascular corjunctiva with mi- 
crocyst formation and with sclera clearly 
visible through the dleb and (4) thick—no 
microcyst formation ane sclera not clearly 
visualized. 


RESULTS 


The Pearson x? test and the indepen- 
dent sample Student's t test were used 
for statistical analysis. Four eyes from 
the full-thickness group and three 
from the trabeculectemy group were 
lost to follow-up. 

The average duration of follow-up 
was 28.4 months m the full-thickness 
group and 28.1 montas in the trabe- 
culectomy group. The two study popu- 
lations were comparable with regard 
to sex and age, and the preoperative 
characteristics of visual acuity and 
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Table 1.—Preoperative Characteristics 






Posterior Lip 
Sclerectomies 
(n = 43) 


Trabeculectomies 
(n = 34) 










Characteristic 
No. of eyes 













Age, y 



















Mean 63.8 63.8 

Range 36-84 39-84 

Distribution 
30-39 2 1 
40-49 4 2 
50-59 8 6 
60-69 16 13 
70-79 9 7 
80-89 4 5 

Visual acuity 
6/5-6/12 32 22 
6/ 18-6/36 9 7 


6/60-light perception 
Intraocular pressure, mm Hg 
Mean 


Table 2.—Postoperative Intraocular Pressure * 
No. (%) of 


Intraocular Posterior Lip No. (%) of 
Pressure, Sclerectomies Trabeculectomies 
mm Hg (n = 41) = 32) 


in 


*P< 02. 


Table 3.—Medication Requirements * 
No. (%) of 


Posterior Lip No. (%) of 
Sclerectomies Trabeculectomies 
No. of Medications (n = 41) în = 32) 
17 


0 36 (87.8) (53.1) 

1 2 (4.9) 5 (15.6) 

2 2 (4.9) 5 (15.6) 
*P< 01. 


Table 4.—Character of Bleb 
No. (%) of 


Posterior Lip No. (%) of 
Sclerectomies Trabeculectomies 
Character (n = 41) în = 32) 


*P < .05 for diffuse cystic blebs. 
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IOP did not differ significantly be- 
tween the two groups (Table 1). Post- 
operatively, the PLS group had lower 
IOPs (P < .02), with a larger propor- 
tion of these patients having IOPs less 4 
than or equal to 10 mm Hg (Table 2). 
The mean IOP for all eyes that under- 
went full-thickness surgery was 
12.5 mm Hg, whereas it was 16.1 mm 
Hg for all eyes that underwent trabe- 
culectomy. Two eyes in the PLS group 
had particularly low IOPs of 5 mm Hg, 
but the visual acuities were the same 
as preoperatively and the patients had 
no particular complaints. Patients in 
the trabeculectomy group more fre- 
quently required adjunctive glaucoma 
medication to maintain IOP control 
(Table 3; P < .01). 

The character of the bleb differeds: 
between the two groups (Table 4). Dif- 
fuse, cystic blebs (Fig 1) were more 
characteristic of the PLS group 
(P < .05). The trabeculectomy group 
had a tendency to have more diffuse, 
thick blebs (Fig 3) than the PLS group, 
although this difference was not sta- 
tistically significant. 

Intraocular pressure levels were 
correlated with the character of the 
bleb (Table 5). Intraocular pressures 
tended to be lower in eyes with cystic 
blebs (mean, 10.0 mm Hg) than in eyes 
with thick blebs (mean, 16.4 mm Hg; 
P < .01) and in eyes with diffuse blebs 
(mean, 10.7 mm Hg) than in eyes 
with local blebs ( mean, 14.7 mm 
Hg; P < .01). Eyes with diffuse, cystic 
blebs had the lowest mean IOPs 
(8.8 mm Hg). 

Approximately one third of the eyes 
from both groups lost visual acuity 
postoperatively from lens changes 
(Table 6). The severity of acuity loss 
was defined as 1 to 2 lines decrease 
from baseline and 3 or more lines de- 
crease from baseline on the Snellen 
chart. There were no Statistically sig- 
nificant differences between the two 
groups with regard to the number of 
eyes with visual acuity loss or to the 
severity of the visual acuity loss. How- 
ever, there was a tendency toward 
early cataract formation in the PLS 
group although the difference was not 
statistically significant (Table T): 

Six eyes in the PLS group developed 
early cataracts. One eye developed the 
cataract within 2 weeks postopera- 
tively, one within 3 weeks, two within 
2 months, one within 3 months, and 
one within 1 month after a choroidal 
tap. The two eyes that developed early 
cataracts in the trabeculectomy group 
developed the cataracts within 2 weeks 
after choroidal taps. The cataracts 
were all quite dense and mainly corti- 
cal in nature, and all eyes had visual 
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Table &.—Intraocular Pressure and 
Character of Bleb* 


intraocular Pressure, 
mm Hg 
_—_—— 0 O00 at 


Range Mean 
4-17 8.8 















Character 
Diffuse, cystic 












Diffuse, thick 6-21 15.2 
Local, cystic 6-18 12.3 
Local, thick 12-24 





Scarred, ffat 22-38 


* p< 01 for cystic vs thick blebs and P < .01 for 
diffuse vs loca! biebs. 


acuity compromised to the counting 
finger level or worse. 

The complication rate was higher in 
the PLS group (P < .05) (Table 7). No 
differences were noted between the 
bwo groups in the occurrence of flat 
chambers (lens-cornea contact) or in 
the need fer choroidal taps. However, 
eyes in the PLS group tended to have 
shallower chambers for a longer time. 
By 3 weeks postoperatively, all eyes in 
the trabeculectomy group had com- 
pletely reformed the anterior chamber 
to preoperative depth while seven eyes 
in the PLSgroup still had variable de- 
grees of shallowing (P < 02). Six of 
these eyes eventually regained normal 
anterior chamber depth with no ad- 
verse consequences on visual acuity or 
IOP control. The one eye that re- 
- mained slightly shallow required a 
moderate change in refraction to re- 
gain preoperative visual acuity, and 
the IOP stabilized at 12 mm Hg. 

There were two totally flat anterior 
chambers in both groups. In each 
group, one eye with this complication 
required a choroidal tap with drainage 
of suprachoroidal fluid while the other 
responded to vigorous cycloplegics 
combined with glaucoma shell tam- 
ponade. Beth eyes with flat anterior 
chambers that required choroidal taps 
developed dense early cataracts. The 
other choroidal tap in the PLS group 
was for an eye with a suprachoroidal 
hemorrhage, while, in the trabeculec- 
tomy group, it was for an eye with an 
extremely shallow anterior chamber 
with no evidence of wound leak that 
persisted despite aggressive tampon- 
ade treatment. This eye from the tra- 
beculectomy group also developed a 
dense early cataract. 

Failure was defined as an IOP 
greater than 20 mm Hg or the need for 
reoperation to meet the therapeutic 
goal. In the PLS. group, two eyes had 
IOPs greater than 20 mm Hg and one 
of the two reoperations was in an eye 
with an IOP less than or equal to 
20 mm Hg; in the trabeculectomy 
group, six eyes had IOPs greater than 
20 mm Hg and three of the four reop- 
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Table 6.—Changes in Visual Acuity * 


No. (%) of 

















Posterior Lip No. (%) of 
Sclerectomies Trabeculectomies 
Decrease in Visual Acuity (n = 41) (n = 32) 


* P is not significant. 


Table 7.—Complications 


No. (%) of 






Posterior Lip No. (%) of 
Sclerectomies Trabeculectomies 
Complications (n = 41) (n = 32) 





Early cataract development 6 (14.6) 2 (6.3) 


Flat chamber 2 (4.9) 2 (6.3) 
(4.9) 


Choroidal tap 2 (4. 2 (6.3) 
Suprachoroidal hemorrhage 1 (2.4) o (0.0) 
iri i o (0.0) | 





Bleb leak requiring 1 (2.4) 
intervention 
Vitreous loss 1 (2.4) o (0.0) 
Shallow chamber requiring 3 (7.3) 1 (3.1) 
glaucoma shell and patch 
Conjunctival buttonhole 3 (7.3) o (0.0) 
during surgery 


surgical interve 
er 





*P < .05. 
Table 8.—Failures* 
No. (%) of 
Posterior No. (%) of 
Lip sclerectomies Trabeculectomies 


(n = 41) 
2 (4.9) 


(n = 32) 
6 (18.8) 









Intraocular pressure 


> 20 mm Hg 
Reoperations 2 (4.9) 4 (12.5) 
3 


Total failures (7.3)t 9 (28.1)t 






Ea 
P< .05. 
tOne of the reoperations from each group was in an eye that was already counted asa failure by intraocular 
pressure criteria. 


erations were in eyes with IOPs less 
than or equal to 20 mm Hg. Thus, there 
were three total failures for a failure 
rate of 7.3% in the PLS group com- 
pared with nine total failures for a 
failure rate of 28.1% in the trabeculec- 
tomy group (P < .05) (Table 8). 


COMMENT 


Previous reports comparing the ef- 
ficacy of full-thickness and partial- 
thickness filtration procedures have 
met with varying results.***"' Prospec- 
tive, controlled studies comparing 
these two procedures are rare. One 
such study? found that control of glau- 
eomatous disease was better and vi- 
sual loss was no greater in eyes treated 
with a full-thickness procedure in 
comparison with those treated with a 
partial-thickness procedure, while an- 
other study‘ did not find a significant 


difference in the percentage of cases 
controlled. Both studies were per- 
formed on predominantly white popu- 
lations and it is possible that race may 
be an important variable in the effi- 
cacy of specific types of glaucoma op- 
erations. 

Most published studies of filtration 
procedures in blacks have reported 
surgical results without any con- 
trols." Studies comparing the effi- 
cacy of full-thickness and partial- 
thickness filtration procedures in 
blacks have been nonrandomized*'*” 
or retrospective." One of these 
studies’ was conducted on the same 
Saint Lucian black population as in the 
present study, and it found that a full- 
thickness PLS resulted in significantly 
lower IOPs, reduced medication re- 
quirements, and mere cystic blebs 
when compared with a partial-thick- 
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ness trabeculectomy. The present 
study, which is prospective and ran- 
domized, yielded similar results. 

The IOPs were significantly lower 
and the blebs characteristically more 
cystic in the PLS group than in the 
trabeculectomy group. Previous stud- 
ies have found a relationship between 
the nature of the bleb and postopera- 
tive IOP.2*"! In this study, the charac- 
ter of the bleb was also found to corre- 
late with IOP level, with lower IOPs 
being generally associated with cystic 
blebs compared to thick blebs, and 
with diffuse blebs compared to local 
blebs. 

A diffuse, cystic bleb may thus be a 
desired goal in glaucoma surgery. 
However, though endophthalmitis was 
not encountered in this study group, 
the possible increased opportunity to 
develop such a complication with a 
cystic bleb must be considered. This 
complication may be particularly dev- 
astating in full-thickness filters, where 
the route for intraocular spread of 
bacteria is more direct than in trabe- 
culectomies, where the scleral flap may 
provide additional protection. 

As in other randomized, prospective 
studies** comparing these two surgical 
procedures, visual acuity loss did not 
differ significantly between the two 
groups. However, visual acuity loss 


1. Mason RP, Kosoko O, Wilson MR, et al. Na- 
tional survey of the prevalence and risk f actors of 
glaucoma in St Lucia, West Indies. Ophthalmol- 
ogy. 1989;96:1363-1368. 

2. Spaeth GL. A prospective, controlled study 
to compare the Scheie procedure with Watson’s 
trabeculectomy. Ophthalmic Surg. 1980;11:688- 
694, 

3. Blondeau P, Phelps CD, Trabeculectomy vs 
thermosclerostomy: a randomized prospective 
clinical trial. Arch Ophthalmol. 1981;99:810-816. 

4. Lewis RA, Phelps CD. Trabeculectomy vs 
thermosclerostomy: a five-year follow-up. Arch 
Ophthalmol. 1984;102:533-537. 

5. Shingleton BJ. Distler J A, Baker BH. Filtra- 
tion surgery in black patients: early results in a 
West Indian population. Ophthalmic Surg. 1987: 
18:195-199, 

6. Drance SM, Vargas E. Trabeculectomy and 
thermosclerostomy: a comparison of two proce- 
dures. Can J Ophthalmol. 1973;8:413-415. 

7. Watkins PH Jr, Brubaker RF. Comparison of 
partial-thickness and full-thickness filtration 
procedures in open angle glaucoma. Am J Oph- 
thalmol. 1978;86:756-761. 


ti 


tended to occur sooner in the PLS 
group. Three of the six eyes that de- 
veloped early cataract in the PLS 
group and one of the two in the trabe- 
culectomy group have received subse- 
quent cataract surgery with placement 
of posterior chamber intraocular lens. 
The cataracts were removed from the 
infratemporal quadrant with minimal 
irrigation using a manual irrigation/ 
aspiration system. All of these eyes 
have attained prefiltration surgery vi- 
sual acuity or better, and only one eye 
(from the trabeculectomy group) has 
required adjunctive medication to 
maintain IOPs to within 2 mm Hg of 
the precataract surgery level. 

One eye from the PLS group had an 
early bleb wound leak that required 
surgical repair. Although this compli- 
cation could probably occur with equal 
frequency in both procedures, the ex- 
cessive filtration achieved with the 
full-thickness filters, particulary in 
the early postoperative period, could 
make this a more worrisome problem 
with these procedures. The other com- 
plications that occurred in the PLS 
group were vitreous loss and conjunc- 
tival buttonholes during surgery. Un- 
doubtedly, these complications occur 
more frequently with full-thickness 
procedures because it is usually more 
difficult to dissect anteriorly under a 
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conjunctival flap than under a sclera] 
flap. Of note, however, is that these 
complications did not adversely affect 
the final outcome of any of these eyes 
with regard to visual acuity or glau-. 
coma control. 

Less failure as well as lower IOPs 
and a decreased requirement for ad- 
junctive glaucoma medication were 
noted in the PLS group when com- 
pared with the trabeculectomy group. 
The PLS group also experienced a 
higher occurrence of complications. 
The higher complication rate must be 
carefully weighed against the higher 
success rate in determining which pro- 
cedure is the more efficacious. 

Various reports have noted that 
glaucoma appears to have an earlier 


sive course in blacks than in whites. 
These data suggest that a more aggres- 
sive therapeutic approach to black 
patients with glaucoma may be war- 
ranted. In black patients with refrac- 
tory glaucoma, full-thickness filtra- 
tion surgery merits consideration as 
the surgical procedure of choice. 
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The Effect of Anterior Chamber Depth on Endothelial Cell 
Count After Filtration Surgery 
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è Eighteen patients undergoing glau- 
coma filtration sureery underwent specu- 
lar microscopie examination 1 day prior to 
surgery and 4 tc 6 months after surgery. 
Patients were evaluated postoperatively 
for the presence of iridocorneal or lentic- 
ular-corneal ‘touch, anterior chamber 
depth, and inf ammation. Ten eyes that 
maintained ther-anterior chamber follow- 
-ing glaucoma filtration surgery did not 
have a significant decrease in corneal 
edothelial cel! demsity. However, eight 
eyes that developed a shallow anterior 
chamber with iridecorneal touch had a 
mean (+ SD)decrease of 265 + 185 cells 
(12.4%) peripherally and 250 + 243 cells 
(11.6%) centrally in corneal endothelial 
cell count. None of the patients with iri- 
docerneal touch developed corneal 
edema after a mean follow-up of 
44.4 + 18.0 months. lridocorneal touch 
after glaucomefittration surgery is associ- 
ated with loss of endothelial cells yet ap- 
pears to be well toterated by the cornea. 

(Arch Ophthalmol. 1989; 107: 1609- 
1617) 


hallowing of the anterior chamber is 

a frequent possoperative complica- 
tion of glaucama filtering surgery. 
Flattening of the anterior chamber 
with lenticulercorneal touch is asso- 
ciated with signricant postoperative 
morbidity,'’ induding cataract forma- 
ec a a Io 
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tion, corneal edema, and the necessity 
for surgical re-formation of the ante- 
rior chamber. The effect of shallowing 
of the anterior chamber with iri- 
docorneal touch, but without lenticu- 
lar-corneal touch, has not been well 
documented. We studied corneal en- 
dothelial cell counts by specular mi- 
croscopy before and after filtration 
surgery to determine if there was more 
cell loss in eyes that developed a flat 
anterior chamber with iridocorneal 
touch compared with eyes that main- 
tained a deep anterior chamber, and if 
the corneas tolerated the cell losses. 


PATIENTS AND METHODS 


Thirty consecutive adult patients under- 
going glaucoma filtration surgery partici- 
pated in this study after giving informed 
consent. All patients had a complete preop- 
erative examination, including measure- 
ment of visual acuity, slit-lamp evaluation, 
applanation tonometry, gonioscopy, and 
funduscopy. Central and peripheral corneal 
endothelial cell counts were obtained by 
specular microscopy (Keeler-Konan specu- 
lar microscope, Keeler Instruments Inc, 
Broomall, Pa) 1 day prior to surgery and 
then 4 to 6 months after surgery. One expe- 
rienced technician interpreted all specular 
photographs without knowledge of the pre- 
operative or postoperative status. 

The surgical procedure performed in all 
cases was a limbal-based posterior lip 
sclerectomy previously described.’ In sum- 
mary, a paracentesis was made with a 
Wheeler knife or superblade in the tempo- 
ral area. The conjunctival incision was 
made 10 to 12 mm posterior to the limbus, 
and hemostasis was controlled with either 
a bipolar cautery or underwater diathermy. 
The anterior chamber was entered with a 
3-mm incision at the limbus using a super- 
blade, followed by a Descemet’s punch to 
create a 1 X 2-mm opening. After periph- 
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eral iridectomy the conjunctiva was closed 
with interrupted 10-0 nylon sutures. The 
wound was tested with 2% fluorescein while 
the anterior chamber was filled with bal- 
anced salt solution through the paracente- 
sis. 

Postoperatively, patients received topical 
cycloplegics, antibiotics, and steroids. Pa- 
tients were evaluated daily for the presence 
of iridocorneal or lerticular-corneal touch, 
and graded for anterior chamber depth, in- 
flammation, and pupil size. Anterior cham- 
ber depth was graded as follows: 0 for len- 
ticular corneal touch, 1 for total iri- 
docorneal touch, 2 for peripheral 
iridocorneal touch, and 3 for no iridocorneal 
touch. Anterior chamber inflammation was 
graded as follows: 0 for no cells, 1 for 1 to 5 
cells per slit-lamp beam, 2 for 6 to 25 cells 
per slit-lamp beam, and 3 for greater than 
25 cells per slit-lamp beam. Patients were 
followed up until the anterior chamber 
depth remained stable. Any other postop- 
erative complications and additional surgi- 
cal procedures were documented. Statisti- 
cal analysis was performed by comparing 
the preoperative encothelial cell count to 
the late postoperative cell count using the 
paired t test. 


RESULTS 


Of the 30 patients enrolled, 19 com- 
pleted the study. One eye was excluded 
from this statistical analysis because 
of a persistent flat anterior chamber 
after surgery that required a choroidal 
tap. The remaining greup consisted of 
5 male and 13 female patients with a 
mean (+ SD) age of 66 + 15 years. 
Fifteen patients had primary open an- 
gle glaucoma, 1 had inflammatory 
glaucoma, 1 had steroid-induced glau- 
coma, and 1 had angle closure glau- 
coma. Sixteen patients were phakic 
and 2 were aphakic. Patients were fol- 
lowed up in the hospital for 2.9 + 0.8 
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Table 1.—Preoperative and Postoperative Cell Counts in Group A (No Iridocorneal 
Touch Postoperatively) 


Endothelial Cell Counts, Cells/mm? 






Peripheral Central 
Patient No. Preoperative Postoperative Preoperative Postoperative 
1 2800 3150 2625 2850 
2175 2200 2300 2100 


10 2550 





2450 


Table 2.—Preoperative and Postoperative Cell Counts in Group B (Developed 
lridocorneal Touch Postoperatively) 


Endothelial Cell Counts, Cells /mm72 


Peripheral Central 
Patient No. Preoperative Postoperative Preoperative Postoperative 
















2650 2550 


















Table 3.—Cell Count, IOP, Inflammation, AC Depth, and Follow-up * 


Change in cell count 
Peripheral 


Central 





Preoperative IOP, mm Hg 
AC inflammation, scale units (0-3) 
AC depth, scale units (0-3)+ 
Follow-up, mo 

“Values are mean + SD. IOP indicates intr 


—59 + 189 (3.0%) 


—265 + 185 (12.4%) 


+ 210 (1.7%) + 243 (11.6%) 









44.4 + 18.0 





aocular pressure; AC, anterior chamber. 


tPatients in group A maintained a deep AC after filtration Surgery; patients in group B developed a shallow 


AC after filtration surgery. 


+See “Patients and Methods” section for an explanation of the scales used to measure AC inflammation and 


AC depth. 


days postoperatively (range, 2 to 4 
days). Peripheral cell counts could not 
be obtained in 1 patient because of ex- 
cessive corneal haze. 

Ten of the 18 patients (group A) 
maintained a deep anterior chamber 
after filtration surgery and 8 patients 
(group B) developed a shallow anterior 
chamber with iridocorneal touch after 
filtration surgery. There were 6 female 
and 4 male patients in group A, and 7 
female patients and 1 male patient in 
group B. The mean age in group A, 
65.1 + 15.6 years, was similar to that 
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of group B, 69.0 + 15.0 years. The pre- 
operative and postoperative corneal 
endothelial cell counts for both groups 
are listed in Tables 1 and 2. The mean 
change in corneal endothelial cell 
count, preoperative intraocular pres- 
sure, postoperative inflammation, an- 
terior chamber depth, and follow-up 
time for the two groups are listed in 
Table 3. 

There was no Statistically signifi- 
cant difference in the peripheral or 
central corneal endothelial cell count 
in the eyes that maintained their an- 
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Scatterplot of the percent change in peripheral 
and central endothelial cell counts for group A 
and group B. 
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terior chamber after filtration surgery 
(group A). However, there was a sta- 
tistically significant decrease of 
265 + 185 cells (12.4% ) peripherally 
(P < .01), and 250 + 243 cells (11.6% ) 
centrally (P < .02), in the endothelial 
cell count of eyes developing iri- 
docorneal touch (group B). The Figure 
is a scatterplot that allows a compar- 
ison of the relative differences in per- 
cent change of endethelial cel] counts 
between the two groups. An analysis 
using the ¢ test for independent vari- 
ables revealed a Statistically signifi- 
cant decrease in the peripheral and 
central cell count for group B with re- 
spect to group A (P < .05). There was 
no statistically significant difference 
in the mean preoperative intraocular 
pressure or postoperative inflamma- 
tion in the two groups. 

Six of 10 patients in group A and 6 of 
8 patients in group B underwent sub- 
sequent cataract extraction. None of 
the patients with iridocorneal touch 
(group B) developed corneal edema af- 
ter a mean follow-up of 44.4 + 18.0 
months. Two patients in group A 
(without iridocorneal touch) developed 
corneal edema: one patient after 45 
months without intervening surgery, 
and another patient with subsequent 
recurrent inflammation from Vogt- 
Koyanagi-Harada syndrome and cy- 
clocryotherapy after 22 months. The 
remaining patients in group A have 
maintained a clear cornea after 
32.6 + 16.1 months. 

One patient in this study was ex- 
cluded from the statistical] analysis 
because of a flat anterior chamber with 
lenticular-corneal touch, requiring 
choroidal tap with re-formation of the 
anterior chamber 7 days after initia] 
filtration surgery. This patient had a 
61% loss (—1225 cells/ mm?) in central 
corneal endothelial cell density. Cata- 
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ract extractiem with intraocular lens 
placement was performed 7 months 
after filtration surgery. The cornea re- 
mains clear ater 54 months of follow- 


up. 
COMMENT 


Corneal erciothelial cell loss is a 
consequence ef intraocular surgery. A 
decrease of 5% to 27% in corneal 
endothelial eell density has been 
shown after intracapsular cataract ex- 
traction, extracapsular cataract ex- 
traction, phacoemulsification, inser- 
tion of intraocular lens, and penetrat- 
ing keratoplasty.“ Setala‘ reported a 
4.6% decrease in the corneal endothe- 
lial cell density after peripheral iri- 
dectomy in 25 eyes. Olsen’ reported a 

ss of 1.3% im corneal cell density in 7 
eyes having ether trabeculectomy or 
peripheral iridectomy. Korey et al® re- 
ported no differences in the corneal 
endothelial cd! counts in 8 of 8 eyes 
after periphezal iridectomy and in 16 
of 18 eyes after trabeculectomy. How- 
ever, in 2 eyes developing a shallow or 
fat anterior caamber, 1 needing a cho- 
roidal tap, there were decreases of 497 
cells/mm? ane 598 cells/mm’. 

The eyes maintaining a deep ante- 
rior chamber efter filtration surgery 
(group A) had= mean decrease of 1.7% 


1. Stewart WC Shields MB. Management of 
anterior chamber depth after trabeculectomy. 
Am J Ophthalmol '988;106:41-44. 

9 Mackool RJ, Buxton JN. Anterior chamber 
depth after intrascieral filtration surgery. Oph- 
thalmic Surg. 1977 :4(-44. 

3. Lamping KA, Bellows AR, Hutchinson BT, 
Afran SI. Long-term evaluation of initial filtra- 
tion surgery. OphiPalmology. 1986;93:91-101. 

4. Kraff MC, Senilers DR, Liberman HI. Spec- 
ular microscopy i= cataract and intraocular lens 
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to 3.0% in corneal cell density, which is 
in general agreement with other re- 
ports. However, the eyes with iri- 
docorneal touch (group B) had an 
11.6% decrease centrally and a 12.4% 
decrease peripherally. Additionally, 
the one eye that developed lenticular- 
corneal touch and required anterior 
chamber re-formation had a 61% de- 
crease (—1225 cells/mm?) in endothe- 
lial cell density. 

The possible causes for the greater 
endothelial cell loss in the eyes with 
iridocorneal apposition include 
greater postoperative inflammation,’ 
higher preoperative intraocular 
pressure,’ or mechanical injury by the 
iris on the corneal endothelium. How- 
ever, the postoperative inflammation 
and preoperative intraocular pres- 
sures in the eyes developing iri- 
docorneal touch (group B) were similar 
to that in the eyes maintaining deep 
anterior chambers (group A). Korey et 
al reported two eyes with flat anterior 
chambers and significantly reduced 
cell densities following filtration sur- 
gery. They suggested that the cell loss 
could be the result of mechanical ef- 
fects of the iris or lens on the endothe- 
lium, inflammation, altered aqueous 
humor metabolism, or hypotony. We 
believe that the greater loss of corneal 
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endothelial cells in the eyes with iri- 
docorneal touch is mest likely due to 
mechanical trauma to the corneal en- 
dothelium by the iris. Additionally, in 
areas of iridocorneal touch the corneal 
endothelium may have diminished ac- 
cess to free aqueous flow, leading to 
increased cell vulnerability. 

Changes in endothelial cell morpho- 
logic features or corneal thickness 
were not examined in our study. There 
may be functional changes in the cor- 
neal endothelium not appreciated by 
simple cell density measurements. 
However, endothelial eell changes gen- 
erally stabilize 3 months following in- 
traocular surgery” Specular micros- 
copy was performed 4 months after 
surgery to allow for complete endo- 
thelial cellular remodeling. 

The use of viscoelastic agents has 
been reported to deerease the inci- 
dence of flat anterior chambers follow- 
ing filtration surgery.” Perhaps the 
routine use of a viscoelastic agent 
could also minimize trauma to the cor- 
neal endothelium by the iris when the 
anterior chamber shallows after fil- 
tration surgery. Further study could 
better define the effect of filtration 
surgery on the corneal endothelium 
and a possible beneficial effect of vis- 
coelastic agents. 
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Response Properties of Normal Observers and 


Patients During Automated Perimetry 


Jacqueline M. Nelson-Quigg; J. Daniel Twelker; Chris A. Johnson, PhD 


è Automated perimetry was performed 
on both eyes of 54 normal subjects, 36 
patients with ocular hypertension and nor- 
mal visual fields, and 20 patients with early 
glaucomatous visual field loss to evaluate 
false-positive errors, false-negative er- 
rors, fixation losses, consistency of dou- 
ble determinations, and testing time. For 
all subject groups and response mea- 
sures, large interindividual variation was 
found. No meaningful age-related changes 
were obtained for false-negative errors, 
false-positive errors, fixation losses, or 
consistency of double determinations. 
Contrary to earlier reports, we found alow 
number of normal subjects and patients 
exceeding the 33% false-positive and 
false-negative limits established for the 
Humphrey Field Analyzer. A large number 
of normal subjects and patients, however, 
exceeded the 20% limits for fixation 
losses. 

(Arch Ophthalmol. 
1615) 


1989; 107: 16 12- 


Automated perimetry has now be- 
come a standard diagnostic pro- 
cedure for visual field assessment in 
glaucoma and other disorders of the 
visual pathways. Optimization and 
standardization of stimulus conditions 
and test procedures in automated pe- 
rimetry has enhanced the sensitivity 
and reliability of routine clinical vi- 
sual field testing.'’ However, the re- 
sponse errors and variability exhibited 
by patients impose limitations on the 
accuracy and reproducibility of auto- 
mated perimetric test results.®’ 
Recently, some automated perime- 
ters have incorporated test procedures 
designed to provide an estimate of a 
patient’s reliability and fixation be- 
havior during a visual field examina- 
tion, along with estimates of his or her 
overall intratest variability (short- 
term fluctuation). Although normative 
data have been used to establish clin- 
ical guidelines and criteria for the de- 
gree of reliability and variability of 
test results for the Humphrey Field 
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Analyzer (Allergan Humphrey, San 
Leandro, Calif),’° a reeent study by 
Katz and Sommer” suggests that both 
normal subjects and patients with vi- 
sual field loss may exhibit greater 
variability and more response errors 
than are suggested by the current 
guidelines for the reliability indexes of 
the Humphrey Field Analyzer. 

The purpose of the present study 
was to extend previous work by exam- 
ining false-positive errors, false-nega- 
tive errors, and fixation losses in nor- 
mal observers spanning a large age 
range (20 to 78 years) and in patients 
with early glaucomatous visual field 
loss or at risk of developing glaucoma- 
tous visual field loss. In addition, in- 
tratest variability was evaluated in 
normal observers as a function of age 
and visual field eccentricity. 


PATIENTS, SUBJECTS, AND 
METHODS 


Fifty-four normal volunteers, 36 patients 
with ocular hypertension (OH), and 20 pa- 
tients with early glaucomatous visual field 
loss participated in the study. Informed 
consent was obtained from all participants 
in accordance with National Institutes of 
Health (Bethesda, Md) guidelines for pro- 
tection of human subjects by means of an 
approved Human Subjects Consent Form 
(University of California, Davis, Institu- 
tional Review Board protocol No. 89-152R). 
Seventeen normal subjects were in the 20- 
to 39-year age group (12 female, 5 male), 19 
were in the 40- to 59-year age group (11 fe- 
male, 8 male), and 18 were in the 60- to 78- 
year age group (3 female, 5 male). In the OH 
group there was 1 individual (male) in the 
20- to 39-year age group, 11 in the 40- to 59- 
year age group (5 female, 6 male), and 24 in 
the 60- to 78-year age group (7 female, 17 
male). The glaucoma group had 1 individual 
in the 20- to 39-year age group (male), 5 in 
the 40- to 59-year age group (male), and 14 
in the 60- to 78-year age group (4 female, 10 
male). 

Inclusion criteria for normal subjects 
consisted of a corrected visual acuity of 
20/40 or better OU, a refractive error of no 
greater than 5 diopters of sphere and 3 D of 
cylinder, intraocular pressures below 20 
mm Hg, no history of ophthalmic or neuro- 
logical disease or surgery, no history of di- 
abetes or other systemic diseases, and no 
use of medications known to affect visual 
field sensitivity. Patients with OH and glau- 
coma had the same visual acuity, refractive 
error, and systemic disease criteria as the 
normal subjects. In additien, the patients 
had no previous history of ecular or neuro- 


logical disease or surgery unrelated to glau- 
coma, and were not taking any nonglau- 
coma medications known to affect visual 
field sensitivity. Patients with OH and glau- 
coma, before receiving any pressure-low- 
ering medicine, had imtraocular pressures 
above 22 mm Hg. Patients with OH had 
normal visual fields, whereas those with 
glaucoma had early visual field loss in one 
or both eyes. Determinations of normal and 
abnormal visual fields were based on the 
visual field indexes (mean deviation [MD] 
pattern standard deviation [PSD], cor- 
rected pattern standard deviation [CPSD] 
of a prior examination on the Humphrey 
Field Analyzer, using the P < .05 signifi- 
cance level. 

Visual field examinations were per- 
formed on both eyes using program 30-2 
(size III target) and the standard back- 
ground luminance of 31.5 apostilbs on the 
Humphrey Field Analyzer. Details of the 
test strategy used by the Humphrey Field 
Analyzer have been described in previous 
publications.'*” All visual field tests were 
performed with an optimal refractive cor- 
rection in place (distance correction plus an 
appropriate near add), which was refined by 
subjective refraction at the perimeter bowl. * 
In addition to static threshold values, the 
Humphrey Field Analyzer evaluates false- 
positive errors (a response when no stimu- 
lus is present), false-negative errors (no re- 
sponse to a stimulus that has been previ- 
ously established to be visible), fixation 
losses (a response to astimulus presented in 
the blind spot), and double determinations 
(static thresholds obtained twice for the 
same location). 


RESULTS 

Figure 1 presents the average test 
time as a function of age for all eyes of 
normal subjects, patients with OH, 
and those with early glaucoma (EG). 
The majority of tests required 15 min- 
utes or less to complete. There was a 
slight average increase in test time 
(approximately 2 minutes) for the pa- 
tients with EG. The older age group of 
normal subjects (aged 60 to 78 years) 
also showed an average increase in test 
time of about 1.5 minutes. 

The average number of false-posi- 
tive errors per visual field test is shown 
in Fig 2 for the normal subjects, pa- 
tients with OH, and those with EG in 
each of the three age groups. There 
was an average of less than one false- 
positive error per test for nearly all 
age groups and patient populations. 
The values for patients with OH in the 
40- to 59-year age group is slightly 
higher, but this is based on only 2 eyes 
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in that group. Average false-positive 
rates were low for each group, with 
values of 4.6%,5.2% , and 2.7% for nor- 
mal subjects, patients with OH, and 
patients with EG, respectively. Only 1 
(OH eyein the middle age group) of 220 
eyes exceeded the Humphrey Field An- 
alyzer reliability criterion of 33% or 
greater false-positive errors.” 

The average number of false-nega- 
tive errers per test is presented in Fig 
2 for the three age groups of normal 
subjects, patients with OH, and those 
with EG. In most instances there are 
one or fewer false-negative errors per 
visual field test. However, there ap- 
pears to be a slightly greater number 
of false-negative errors for the older 
age group and for the patients with 
EG. The middle age group of patients 


~+with EG shows a higher average num- 


ber of false-negative errors, although 
this is based on only 2 eyes. Only 1 (EG 
eye in the middle age group) of 220 eyes 
exceeded the Humphrey Field Ana- 
lyzer reliability eriterion of a false- 


















negative rate of 33% or higher.’ Av- 
erage false-negative rates were 3.1% 
for normal subjects, 3.9% for those 
with OH, and 10.2% for those with EG. 

Figure 4 presents the average num- 
ber of fixation losses per visual field for 
normal subjects, patients with OH, 
and those with EG. An average of one 
to four fixation losses per visual field 
test was obtained, with a slightly 
greater number of fixation losses for 
the older age groups and the two pa- 
tient populations. Average fixation 
loss rates were 9.6% for normal sub- 
jects, 12.0% for patients with OH, and 
14.3% for those with EG. Twelve 
(30% ) of the EG eyes, 16 (22.2% ) of the 
OH eyes, and 21 (19.4% ) of the normal 
eyes exceeded the Humphrey Field 
Analyzer reliability criterion of 
greater than 20% fixation losses. The 
majority of subjects had high fixation 
losses in only one eye (69.7% for nor- 
mal subjects, 76.9% for patients with 
OH, 80% for those with EG). 

The response variability within a 


visual field test session was evaluated 
in normal observers by examining the 
10 visual field locations for which dou- 
ble threshold determinations were ob- 
tained. A comparison of the average 
difference between first and second 
sensitivity determinations is pre- 
sented in Fig 5 (right eye format) for 
each of the 10 locations. These data 
represent the combined values for nor- 
mal observers of all ages, since no 
meaningful changes were found as a 
function of age (Table 1). Solid bars 
represent the accuracy of double de- 
terminations in decibels (first minus 
second measurement). Better accuracy 
is indicated by a shorter histogram. In 
the superior temporal visual field, the 
first determinatiom was an average of 
approximately 1 ¿B greater in sensi- 
tivity than the second determination. 
Other visual field locations also dem- 
onstrated this tendency, but to a 
smaller degree. Note that the size of 
the SD bars indicates that there were 
large individual differences. The 
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= Test-Retest Accuracy 


RR Test-Retest Precision 





Fig 5.—Difference between first and second sensitivity determinations for normal subjects. Ac- 


curacy (first minus second measurement) and precision (absolute difference between first and 
second measurements) are represented by solid bars and cross-hatched bars, respectively. Ver- 


tical bars represent 1 SD. 


higher sensitivity of the first determi- 
nation was probably due to fatigue ef- 
fects, which have been reported to re- 
duce sensitivity during the course of 
automated perimetric testing proce- 
dures in normal subjects and pa- 
tients. Cross hatched bars indicate 
the precision of double determina- 
tions in decibels (absolute difference be- 
tween first and second measurements, 
irrespective of which was greater). At 
all 10 locations, the absolute differ- 
ences between first and second mea- 
surements were between 1 and 2.5 dB. 
Both the magnitude of the differences 
and the variation from one individual 
to another became larger as a function 
of increasing eccentricity, especially in 
the superior visual field. No significant 
relationship was found between sensi- 
tivity on the first or second determina- 
tion and false-positive or false-nega- 
tive rates. However, significant corre- 


1614 Arch Ophthalmol—Vol 107, November 1989 


lations (P < .05) between false-nega- 
tive rate and short-term fluctuations 
were found for normal subjects (r = .25) 
and patients with EG (r = .47). 


COMMENT 


In accordance with previous investi- 
gations, we found that the vari- 
ability of threshold determinations 
within a test session in normal sub- 
jects was larger for increasing stimu- 
lus eccentricities. The average differ- 
ence for double determinations at the 
four most peripheral points was 1.96 
dB, 40% larger than for the six central 
points. Similarly, Heijl and col- 
leagues found that the average dif- 
ference for double determinations at 
the four peripheral points was 1.59 dB, 
27% higher than the central six points. 
The variability was especially pro- 
nounced in the periphery of the supe- 
rior visual field. 


f . . i 


Katz and Sommer" have reported 
that intratest variability increases as 
a function of advancing age, although 
Heijl and colleagues’ did not find any 
age-related differences for intratest 
variability in their subject population. 
Our findings are consistent with those 
of Heijl et al" since we found little or 
no difference in the variability of dou- 
ble determinations for our three age 
groups of normal subjects. 

We found that a significant number 
of eyes exceeded the 20% or greater 
fixation loss criterion established for 
the Humphrey Field Analyzer.®? 
Thirty percent of the EG eyes, 22.2% of 
the ocular hypertensive eyes, and 
19.4% of the normal eyes had a fixa- 
tion loss rate equal to or greater than 
20%. These results are similar to those 
reported by Katz and Sommer,” ix 
which 26% of the normal subjects and 
24% of the patients with glaucoma had 
fixation losses beyond the 20% crite- 
rion established fer the Humphrey 
Field Analyzer. Katz and Sommer’® 
have suggested several possibilities for 
the high number of fixation losses: fix- 
ation instability, mislocalization of the 
blind spot, and respending to the sound 
of the stimulus positioning motors 
(false-positive errors). An additional 
possibility, due to the size and lumi- 
nance of the blind spot stimulus, is 
that some individuals may be able to 
detect scattered light from the blind 
spot stimulus at retinal locations near 
the optic nerve head. Our findings do 
not support the notion that false-pos- 
itive responses are responsible for 
high fixation loss measures. If individ- 
uals were responding to the sound of 
the motors, then it would be expected 
that both fixation losses and false- 
positive rates would be elevated. Only 
1 of the 220 eyes we tested had a false- 
positive rate that was beyond the 
guidelines established for the Hum- 
phrey Field Analyzer. Misalignment of 
the blind spot may account for some of 
the excessive fixatien losses, although 


` 


we relocalized the blind spot during 


the test procedure if half or more of the 
first six to eight blind spot presenta- 
tions were detected. At present, the 
results of several studies reveal a high 
percentage of individuals with exces- 
sive fixation losses. This suggests that 
either the Heijl-Krakau method of 
monitoring fixation may not be a reli- 
able indicator of fixation behavior dur- 
ing automated perimetry or that 
further investigations of fixation char- 
acteristicsof patients undergoing auto- 
mated perimetry are needed, using di- 
rect methods of monitoring fixation. 
Another possible solution to this prob- 
lem might be to ease the fixation loss 
criterion from 20% to 30%. Table 2 
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* Values are mean (SD). 
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1.40 (1.74) —0.23 (2.10) 1.41 (1.57) 0.65 (2.62) 1.85 (1.97) 








2.10 (1.89) 
1.20 (1.47) 
2.45 (2.59) 
1.35 (1.30) 
1.15 (1.17) 
1.50 (1.32) 
1.40 (1.20) 
1.25 (1.39) 
1.55 (1.64) 


0.32 (2.37) 
0.59 (1.79) 
0.77 (2.74) 
0.00 (1.60) 
0.45 (2.21) 
—0.36 (1.55) 
—0.45 (1.64) 
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1.77 (1.61) 
1.32 (1.34) 
2.05 (1.98) 
1.00 (1.24) 
1.55 (1.64) 
1.18 (1.07) 
1.18 (1.23) 
1.73 (1.51) 
1.73 (1.79) 
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0.20 (2.96) 
0.85 (1.48) 
1.35 (3.91) 
0.20 (2.18) 
—0.50 (2.39) 
0.15 (2.51) 
0.60 (2.11) 
0.15 (2.21) 
0.20 (2.86) 


2.10 (2.10) 
1.15 (1.26) 
2.85 (3.00) 
1.60 (1.50) 
1.65 (1.73) 
1.85 (1.70) 
1.50 (1.60) 
1.55 (1.58) 
1.90 (2.14) 




































































































+Negative values indicate nasal and inferior visual field locations, and positive values indicate temporal and superior visual field locations, alwith respect to the format 


-Å a rigħt eye. 






Katz and Sommer ° 1988 
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FNL indicates normal subjects; OH, patients with ocul 


shows the percentages of individuals 
in our study and inthe investigation by 
Katz and Sommer” that exceeded the 
20% and 30% fixation loss criteria. In 
all instances, there is a significantly 
lower number of individuals exceeding 
the 30% fixation loss criterion. 

In contrast to the report by Katz and 
Sommer,” we foand a very small num- 
ber ef individuals with either false- 
positive errors or false-negative errors 
exceeding the 32% reliability criterion 
established for the Humphrey Field 
_, Analyzer"? Thene are several possibil- 
æ ities for these differences. First, the 
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Table 2.—Percentage of Eyes Exceeding the Fixation Loss Criterion* 


ar hypertension; and EG, patients with early glaucoma. 






Fixation Loss Criterion (% of Test Trials) 








= 20% =30% 








subject populations may be somewhat 
different, since different inclusion cri- 
teria were used in the two studies. 
Second, most of our subjects had pre- 
viously undergone at least one auto- 
mated visual field examination, 
whereas subjects in the Katz and Som- 
mer study were familiar with manual 
kinetic perimetry, but had no previous 
experience with automated static pe- 
rimetry. Finally, the amount of tech- 
nician involvement may have also been 
different between the two studies. 
Since our study was part of a prospec- 
tive investigation of visual field loss in 
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early glaucoma and ocular hyperten- 
sion, all subjects were carefully and 
continuously monitored by research 
technicians throughout the test proce- 
dure. Subjects were given constant 
feedback and rest periods if they ap- 
peared to become drowsy or exhibit 
erratic response behavior. This 
amount of technician monitoring may 
have been greater than that employed 
in the Katz and Sommer study. Our 
personal clinical experience indicates 
that the role of the perimetric techni- 
cian during automated perimetry can 
have a significant influence on the re- 
liability of test results. Although fur- 
ther investigation is needed to evalu- 
ate the magnitude ef technician influ- 
ences on automated perimetric test 
results, this possibility suggests that 
the reliability of automated perimetry 
may be improved by increasing the 
amount of technician involvement 
during the test procedure. 
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The Influence of Axial Length on the 


Response to Strabismus Surgery 


Burton J. Kushner, MD; Neil J. Lucchese, MD; Gail V. Morton, CO 


e We performed axial length determina- 
tions preoperatively on a series of patients 
undergoing strabismus Surgery. A statisti- 
cally significant inverse correlation was 
found between axial length and the re- 
sponse (prism diopters per millimeter of 
medial rectus recession) for esotropic pa- 
tients. The data suggest that a surgical 
formula designed to take axial length into 
account would decrease the Variability in 
response to strabismus Surgery in esotro- 
pic patients. Poor correlation was found 
between axial length and response to sur- 
gery in exotropic patients. We feel this 
poor correlation was due, in part, to the 
postoperative drift rate in exotropic pa- 
tients as well as inaccuracies with the 
Standard techniques used to determine 
the basic deviation on which surgery in 
exotropic patients is based. 

(Arch Ophthalmol. 1989; 107: 16 16- 
1618) 


ost surgical formulas for the treat- 

ment of strabismus base the num- 
ber of millimeters of muscle recession 
or resection solely on the distance 
deviation.'* Kushner and Vrabec: re- 
ported theoretical evidence that the 
response to strabismus surgery (prism 
diopters of effect per millimeter of re- 
cession) should correlate with axial 
length. Most surgeons do not consider 
axial length in determining their sur- 
gical formula. Although Gillies and 
McIndoe,** and Gillies and Hughes,’ 
evolved and tested a surgical formula 
that took axial length into account, the 
hypothesis that axial length really is 
important in determining the response 
to strabismus surgery has not been 
tested, to our knowledge. The purpose 
of this article is to determine whether 
there is a correlation between axial 
length and the response to strabismus 
surgery. We hope to explain some of 
the variability that clinicians observe 
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in patients’ responses to strabismus 
surgery. 


SUBJECTS AND METHODS 


Between February 1987 and September 
1988, two of us (B.J.K. and N.J .L.) measured 
axial length in both eyes of all patients on 
whom we operated for strabismus, at the 
same surgical facility. Axial length deter- 
minations were made using the Axipac II 
unit (Teknar Inc, St Louis, Mo), Typically, 
three to five measurements for each eye 
were averaged and recorded. For data anal- 
ysis the numbers recorded for the right and 
left eyes of each patient were averaged and 
used as one data point. Prior to beginning 
this study we found our technique to havea 
high degree of interobserver reliability as 
well as reproducibility with the same ob- 
server with multiple recordings made on 
the same patient. In both situations our er- 
ror was always less than 0.25 mm. We con- 
sidered this amount of error to be insignif- 
icant to affect the results of this study. Our 
method of examining and measuring stra- 
bismic patients has been previously de- 
scribed in detail. In summary, it consisted 
of measuring the angle of strabismus with 
the alternate prism and cover test when 
possible, and when not possible by using the 
Krimsky test. All deviations recorded were 
determined using appropriate spectacle 
correction. Although measurements were 
obtained in prism diopter units, they were 
converted to degrees for data analysis using 
the following formula: angle in de- 
grees = arctangent (prism diopters/100). 

For analyzing the relationship between 
response to surgery and axial length, we 
calculated the Pearson cerrelation coeffi- 
cient. Patient selection included all consec- 
utive patients with esotrapia or exotropia 
meeting certain criteria. The examiner had 
to feel that the preoperative and postoper- 
ative measurements were accurate, repro- 
ducible, and not variable during the course 
of examination. Only patients undergoing 
symmetric medial rectus recessions for es- 
otropia, or symmetric lateral rectus reces- 
sions for exotropia, were included. Our sur- 
gical approach for all exotropic patients 
was to perform symmetric surgery (lateral 
rectus recessions bilaterally), except for 
those with exotropia of the convergence in- 
sufficiency type. Consequently, we included 
exotropic patients in whem the distance 
deviation exceeded or equaled the near de- 
viation, regardless of their response to mo- 
nocular occlusion or +3.0@ lenses at near. 
Patients undergoing adjustable suture sur- 
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gery, simultaneous vertical transposition of 
the horizontal recti for the treatment of 
“A” or “V” patterns, or simultaneous ob- 
lique muscle surgery were excluded, as were 
patients with obvious microphthalmia or 
megalocornea. We excluded patients with 
partly accommodative esotropia with ‘a 
high accommodative convergence/accom- 
modation ratio as well as esotropic patients 
with a nonaccommodative convergence ex- 
cess, because previous studies have shown 
that the response to surgery of the distance 
deviation in both these groups of patients is 
influenced by the ameunt by which the near 
esotropia exceeded the distance esotropia.!! 
In addition, we excluded patients with the 
nystagmus compensation syndrome, a his- 
tory of previous horizontal strabismus sur- 
gery, and mechanical restrictions as deter- 
mined by forced duction testing. 

Thus, our population of esotropic pa- 
tients consisted of infantile esotropes, ac- _ 
quired nonaccommodative esotropes, andy 
partly accommodative esotropes with a 
normal accommodative convergence/ 
accommodation ratie. Our exotropic group 
included those with both intermittent and 
constant exotropia. 

Our technique for the recession operation 
has been described in detail."2 Just prior to 
closing conjunctiva we reassessed (in a 
masked manner, as previously described) 
the amount of recession actually per- 
formed, and used that number for the pur- 
pose of data analysis.” 

The measurements used to determine the 
response to surgery were made approxi- 
mately 1 week (6 to 9 days) later by an ex- 
aminer (G.V.M.) masked to the axial length 
measurements. Also, to assess long-range à 
trends, measurements were made 6 months 
later. In all cases the same spectacles used 
for the preoperative measurement were 
used for the postoperative measurement. 

Response to surgery was determined by 
first converting the preoperative and post- 
Operative angle of misalignment from 
prism diopter to degrees, and then sub- 
tracting the postoperative deviation from 
the preoperative deviation. Response per 
millimeter of recession was determined by 
totaling the amount ef recession of the rec- 
tus muscles for each eye. For example, if a 
patient had a 50-prism diopter esotropia 
(26.6°) preoperatively and a 10-prism di- 
opter esotropia (5.7°) after undergoing bi- 
lateral medial rectus recessions of 5 mm 
(total of 10 mm of recession), the total re- 
sponse would be 20.9° or 2.09° per millime- 
ter of recession. 
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RESULTS 


This study consists of 36 esotropic 
patients who met our entry criteria, of 
whom 15 had infantile esotropia and 21 

had acquired esotropia. In addition, 
there were 23 exetropic patients who 
met our entry criteria, of whom 17 had 
intermittent exotropia and 6 had con- 
stant exotropia The mean (+SD) age 
of the esotropic patients was 55 + 73 
months (range, 7 months to 304 
months). For the exotropic patients 
the mean age was 127 + 166 months 
(range, 10 months to 766 months). 
Data deseribing the refractive errors 
of the patients in this study are repre- 
sented in the Tabie. 

For esotropie patients the correla- 
tion of response te surgery (degrees of 
—sefect per millimeter of recession) with 
axial length praduced a correlation co- 
efficient of —.524199 (P < .0008) (Fig 1). 
Thus, approximately 28% of the vari- 
ation in the response to strabismus 
surgery could Þe explained by varia- 
tion in axial lergth (the square of the 
correlation coefficient). For exotropic 
patients very poor correlation was 
found, with a cerrelation coefficient of 
— 0875 ‘not statistically significant) 
(Fig 2). 


COMMENT 


We expected to find a significant 
correlation between axial length and 
response to sumgery for esotropic pa- 
tients but weresurprised initially not 
to find significant correlation for exo- 
tropic patients There are several pos- 
sible explanatiens. Because the mean 
age of our esotrepic patients was lower 
than that of ourexotropic patients, we 
considered the possibility that more of 
our exotropic patients were beyond the 
age at which mestof the growth of the 
eye has been sompleted. Therefore, 
there might beless variability in the 
axial length of eyes in our exotropic 
population thar in our esotropic popu- 
lation. In that case, many more pa- 
tients would be meeded to determine 
any statistical significance. We did 
find a smaller nean axial length for 
our esotropic patients (mean + SD, 
21.02 + 1.42 mm; range, 19.6 mm to 
95.48 mm) thar fer exotropic patients 
(mean + SD, 22.24 + 1.40 mm; range, 
19.5 mm to 25.6 mm). However, the 
SDs for both zroups were approxi- 
mately the same, suggesting that we 
cannot explain zhe lack of correlation 
of response to azial length in exotropic 
patients by them having less variation 
in axial length- 

The strong mverse correlation we 
found between =xial length and the re- 
sponse te surgery N esotropic patients 
was dependent on the relatively large 
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Refractive Errors (Spherical Equivalent) * 


No. of 
Subjects Mean + SD Range 

Hyperopic esotropes 

All patients 34 +1.35 + .97 0.00-+4.00 

With spectacles 10 +2.76 + .84 +1.75-+4.00 

Without spectacles 24 +0.95 + .50 0-+2.00 
Myopic esotropes 

All patients 2 —3.40 —.12-—6.75 

With spectacles 1 —6.75 

Without spectacles 1 — 1.25 
Hyperopic exotropes 

All patients 17 +1.14 + .80 0.00-+3.00 

With spectacles 2 +2.62 + .37 +2.25-+3.00 

Without spectacles 15 +.94 + .62 0-+1.75 
Myopic exotropes 

All patients 6 —1.89 + 1.2 —0.25-—3.00 

With spectacles 6 —1.89 + 1.2 —0.25-—3.00 


Without spectacles 





* Values represent diopters. 


Response, Degrees per Millimeter 





19 20 21 22 23 24 25 


Axial Length, mm 


Fig 1.—Scatterplot of response to surgery as a function of axial length for esotropic patients. Each 
dot represents one patient. 


Fig 2.—Scatterplot of response to surgery as a function of axial length for exotropic patients. Each 
dot represents one patient. 
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responses to surgery obtained for the 
smallest eyes. Fifteen of our esotropic 
patients had axial lengths smaller 
than 20.25 mm, compared with two of 
our exotropic patients. The correlation 
we found between axial length and the 
response to surgery in exotropic pa- 
tients possibly was related to the un- 
derrepresentation of small eyes in the 
exotropic group. 

In general, it has been our experi- 
ence that patients with exotropic devi- 
ations have more variability in their 
response to surgery than patients with 
esotropic deviations."3"4 One of us 
(B.J.K.) has suggested that the unpre- 
dictability of surgery on exotropic pa- 
tients is due, in part, to there being no 
known best technique for determining 
the “full deviation.”"* Whether one 
should use the measurement obtained 
after 1 hour of monocular occlusion, 
testing the patient with fixation on a 
distant outdoor target after prism ad- 
aptation or at the standard 6-m indoor 
distance with routine prism and cover 
testing, has not been determined sci- 
entifically. Also, on reviewing the 
records of our exotropic patients in 
this series, we found much more insta- 
bility between the measurement ob- 
tained 1 day after surgery and the 
measurement used for data analysis 
obtained 1 week later, as compared 
with our esotropic patients. We elected 
to use the measurement obtained 1 
week after surgery because, although 
we wanted to use a measurement ob- 
tained very shortly after surgery to 
determine the mechanical effect of 
surgery before sensory adaptations 
could change the ocular alignment, we 
felt that a measurement obtained 1 
day after surgery would be less accu- 
rate. The frequent occurrence of pho- 
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mol. 1986;104:374-377. 

3. Nelson LB, Wagner RS, Simon J W, Harley R. 
Congenital esotropia. Surv Ophthalmol. 1987: 
31:363-383. 

4. Kushner BJ, Morton GV. The effect of surgi- 
cal technique and amount, patient age, abduction 
quality and deviation magnitude on surgical suc- 
cess rates in infantile esotropia. Binocular Vision. 
1987;2:25-40. 

5. Kushner BJ, Vrabec M. Theoretical effects of 
surgery on length-tension relationships in ex- 
traocular muscles. J Pediatr Ophthalmol Strabis- 


tophobia, epiphora, blurred vision, and 
poor cooperation on the first postoper- 
ative day made us question the reli- 
ability of prism and cover test mea- 
surements so obtained. We also ques- 
tioned the ability to accurately control 
a patient’s accommodation in that sit- 
uation. Because our protocol did not 
call for using measurements obtained 
the day after surgery, and because 
they were not obtained in a masked 
manner, we feel that data obtained 1 
day after surgery cannot be used to 
prove statistical correlation. Never- 
theless, we analyzed those data to see 
if they might suggest a possible expla- 
nation for our findings in the exotropic 
group and provide a possible basis for 
future investigation. Using the mea- 
surements obtained 1 day after sur- 
gery, we found a greater correlation 
(r = —.352, P <.10) between the re- 
sponse to surgery and axial length in 
our exotropic patients than that ob- 
tained using the data from 1 week 
later. Our data suggest that 1 week 
later is already too late for the deter- 
mination of the actual mechanical ef- 
fects of surgery in exotropic patients; 
however, for the reasons listed above 
we feel the first postoperative day also 
may be inappropriate. The ideal time 
to measure exotropic patients postop- 
eratively for a study such as this re- 
mains unclear. 

We realize that 1 week is not an ap- 
propriate follow-up for reporting suc- 
cess or failure with strabismus sur- 
gery; however, we do feel that the ac- 
tual mechanical effects of surgery are 
best analyzed shortly after surgery. 
We also analyzed our data from the 6- 
month postoperative visit and found 
no changes in our conclusions. 

Although our data show a signifi- 
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cant correlation between the response 
to strabismus surgery and axial length 
in patients with esotropia, the corre- 
lation coefficient we found suggests 
that only 28% of the variability in the 
response to strabismus surgery can bes 
attributed to axial length. This sug- 
gests that a surgical formula designed 
to take axial length into account would 
decrease the variability in response to 
strabismus surgery, but not eliminate 
it. Our next step is to generate an 
algorithm for planning strabismus 
surgery based on the data obtained in 
this study and to test it prospectively. 

Scattergood et al’ have pointed out 
that spectacle correction of refractive 
errors will have an effect on the mea- 
surement of strabismic deviations. Es- 
otropic and exotropic deviations ma s 
be overestimated if the patient i 
wearing minus lenses, and may be un- 
derestimated if the patient is wearing 
plus lenses. At the time this study was 
carried out we were not routinely cor- 
recting for these spectacle-induced ar- 
tifacts when planning our strabismus 
surgery. Based on the calculations of 
Scattergood et al, and based on the re- 
fractive errors in the deviating eye of 
our patients who were in spectacles, 
only four of our esctropic patients and 
one of our exotropic patients would 
have received a different number of 
millimeters of recession had we cor- 
rected for spectacle-induced artifacts 
preoperatively. In each case the 
amount of surgery would have differed 
by 1 mm or less for each muscle oper- 
ated on. Recalculating our correlation 
coefficients taking these corrected val- 
ues into account did not alter our find- 
ings. 
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Complex Microphthalmos 


Avery H. Weiss, MD; Boris G. Kousseff, MD; Eric A. Ross, SCM; Judith Longbottom, MD 


è Forty patientswere diagnosed as hav- 
ing complex micraphthalmos on the basis 
of a malformed globe with a total axial 
length measurement at least 2 SDs below 
the mean for age-similar controls. Three 
had anterior segment dysgenesis; 4, con- 
genital lens abnormalities; 14, chorioreti- 
nal colobomas; 12, persistent hyperplas- 
tic primary vitreous; 4, retinal dysplasia; 
and 3, complex malformations due to ipsi- 
lateral facial malformations. Measure- 
ments of total axial length indicated that 
complex microphthalmos was congenital 
and that postnatal growth of the mal- 


-4formed eye was similar to that of normal 


eyes. In most patients the anterior seg- 
ment length was normal, while in all pa- 
tients the posterior segment length was at 
least 2 SDs below the mean. Corneal 
diameter correlated significantly with total 
axial length (r° = 57) and decreased lin- 
early as total axial length decreased. In 
most patients in whom measurements 
were obtained, thedens and corneal power 
were increased, thereby compensating for 
decreased total axial length. We propose 
that inadequate production of secondary 
vitreous is the cause of the microphthal- 
mos, given that the posterior segment was 
disproportionatelyreduced in size and the 
secondary vitreous is its predominant 
component. Evidence that each of the 
various ocular malformations can influ- 
ence the-production of secondary vitreous 


is presented. 
(Arch Ophthalmol. 1989;107:1619- 
1624) 


XM icrophthalmes is a heterogeneous 
condition that may be separated, 
according to the appearance of the 
globe, into a simple type, in which the 
eye is anatomically intact, and a com- 
plex type, in which the eye is mal- 
formed. Since either the anterior or 
posterior segment is malformed in 
complex microphthalmos, the appear- 
ance of the globe varies considerably. 
However, there is a limited range of 
well-described malformations, includ- 
ing anterior segment dysgenesis, cata- 
ract, chorioretinal coloboma, persis- 
tent hyperplastic primary vitreous 
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(PHPV), and retinal dysplasia.'’ The 
malformations may appear as isolated 
ocular abnormalities or as part of a 
systemic disorder. With continuing de- 
lineation and classification of mono- 
genic and chromosomal disorders and 
human teratogens, the number of sys- 
temic associations with complex mi- 
crophthalmos has increased.””° 

In contrast to the clinical character- 
istics of complex microphthalmos, the 
physical measurements of these eyes 
have not been well studied. Authors 
have previously diagnosed mi- 
crophthalmos on the basis of micro- 
cornea, a narrow palpebral fissure, or 
high hyperopia, without documenting 
the axial dimensions of the eye.’"' In 
addition, little has been written about 
the etiology and pathogenesis of com- 
plex microphthalmos. We undertook 
the present study to compare the mea- 
surements of eyes in 40 patients with 
complex microphthalmos to those of 
age-similar normal subjects. We pos- 
tulated that the retarded growth of the 
microphthalmic eyes was related to 
the coexistent ocular malformation 
and that the growth disturbance was 
mediated by a common pathogenetic 
mechanism. We sought to identify this 
mechanism by analyzing our dimen- 
sional data in relation to pertinent de- 
velopmental aspects of the associated 
malformation. 


SUBJECTS AND METHODS 


Between July 1981 and July 1987 all 
patients with ocular malformations seen in 
the University of South Florida Pediatric 
Ophthalmology Service (A.H.W.) were 
evaluated for microphthalmos. This condi- 
tion was diagnosed in 34 patients (new- 
borns to children 10 years of age) on the 
basis of total axial length (TAL) measure- 


ment at least 2 SDs below the mean for 
age-similar controls, anc in 6 older patients 
on the basis of a TAL measurement below 
20.9 mm. Measurements of TAL, anterior 
segment length (ASL), and posterior seg- 
ment length (PSL) were performed by 
A-scan ultrasonography in 33 patients and 
by orbital computed tomography (CT) in 7 
patients, according to previously described 
methods.” 


Ocular and Systemic Evaluation 


Ophthalmologicevaluetion included mea- 
surement of best cerreeted visual acuity; 
assessment of motility, binocularity, and 
pupillary responses; slit4amp biomicrosco- 
py; and direct and indirect ophthalmoscopy. 
Refractions were dene dy retinoscopy 40 
minutes after twice msti ling one drop each 
of 2.5% phenylephrine hvdrochloride (Neo- 
Synephrine) and cyclopentolate hydrochlo- 
ride (Cyclogyl) (0.5% in nfants less than 6 
months of age, 1% in cnildren between 6 
months and 2 years. anc 2% in older chil- 
dren). Corneal curvature was measured 
with a keratometer when possible. All pa- 
tients underwent systemic evaluation by a 
clinical geneticist (B.G.K_). Lens power was 
calculated according to a previously de- 
scribed method. The regression line of 
corneal diameter vs TAL was calculated 
according to the least squares method, us- 
ing programs of the Statistical Analysis 
System Institute, Cary, NC. 


RESULES 


Twenty-three male and 17 female 
patients, among near-y 6000 patients 
seen in our pediatric ophthalmology 
clinic, fulfilled the above criteria for 
complex microphthalmos. Thirty-four 
of the patients ranged in age from 
birth to 10 years—12 were less than 6 
months old. The remeining 6 patients 
ranged in age from 14 to 25 years. The 
6 older patients were excluded from 
dimensional analysis. 

The clinical presentations of the pa- 


Table 1.—Ocular and Systemic Findings in Patients With Anterior Segment Dysgenesis 


Corneal 


Patient Diameter, 


No. Age/Sex mm 





19.2 9.5 


Corneal opacificationt 
Iris hypoplasiat 


Corneal opacificationt 
Iris hypoplasiat 
Corneal opacificationt 
Iris hypoplasiat 


Systemic 
Findings 


Urogenital anomalies 


Tatralegy of fallot, 
developmental delay 


Congenital hip dysplasia 
Talipes valgus 


Ocular 
Findings 





* TAL indicates total axial length. Double entries for each patient represent the measurements for the right 


and left eye. 
+tPatient’s eye operated on. 


All three patients had unilateral corneal transplantation complicated by secondary Caucoma. Subsequent 
to limited cyclocryotherapy, the eyes became hypotonous. 


§Right eye was enucleated in infancy. 
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tients varied—some presented with 
ocular abnormalities and others with 
systemic disorders. Clinical character- 
istics and measurements of TAL and 
corneal diameter of the patients are 
shown in Tables 1 through 6. Complex 
microphthalmos was usually detected 
during the first year of life, because of 


Table 2. 
















17 mo/F 13.5 


8 y/M 19.4 


25 y/M 19.9 
19.9 





and left eyes. 


—Ocular and Systemic Findings in Patients With Lens Abnormalities 






Corneal 
Patient TAL, * Diameter, Lens Systemic 
No. Age/Sex mm Abnormality Disorder 
1 10 mo/M 19.0 9.0 Cataract Congenital 
19.0 9.0 Cataract rubella 





2.5 
11.0 Subluxation 
9.0 Cataract 


9.0 Cataract 
* TAL indicates total axial length. Double entries for each patient represent the measurements for the right 


abnormal external appearance of the 
eye. Most patients could be assigned to 
one of the following five categories of 
ocular malformation: 3 had anterior 
segment dysgenesis; 4, abnormal 
lenses; 14, colobomas; 12, PHPV; and 4, 
retinal dysplasia. Three patients with 
ipsilateral facial malformations had 






































Cataract 
Cataract 


Congenital 
rubella 










Weill-Marchesani 
syndrome 





Subluxation 








tPatient 4 is the proband of a family with hereditary microphthalmos and cataract. 





Patient 


No. Age/Sex TAL,* mm 











and left eyes. 


Table 3.—Ocular and Systemic Findings in Patients With Coloboma 


Corneal 
Diameter, 







10 mo/M 16.0 5.5 






24 mo/M 17.6 7.5 


42 mo/F 19.5 10.5 


4y/M 15.0 7.5 


9 y/M 21.5 7.0 


14 y/M 19.3 4.0 


21 y/F 17.2 3.0 
























Type of Systemic 
Colobomat Condition 
Chorioretinal with Deletion 13q 
cyst 
Chorioretinal with 










cyst 






Optic nerve 
Chorioretinal with Robert's 
cyst syndrome*rr256-257) 
Chorioretinal with 
cyst 
Chorioretinal with 
cyst 


























CHARGE 
association "P6°s-608) 










Chorioretinal 
Chorioretinal 
Chorioretinal 
Chorioretinal 
Chorioretinal 
Chorioretinal with 
cyst 
Chorioretinal 
Chorioretinal 









CHARGE 
association®?r606-608) 





























Optic nerve 
Chorioretinal 
Chorioretinal 
Chorioretinal 
Chorioretinal with 
cyst 
Chorioretinal 
Chorioretinal 
Chorioretinal 
Chorioretinal 
Chorioretinal 
Chorioretinal 
















Facioauriculovertebral 
spectrum ?P584-587) 







Lenz's syndrome% 1423 
Microphthalmia 










*TAL indicates total axial length. Double entries for each patient represent the measurements for the right 


tChorioretinal with cyst indicates colobomatous microphthalmos with attached cyst. 
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tiny opacified corneas that precluded 
examination of the fundi. Due to the 
severity of the microphthalmos, we 
assumed that they had malformation 
of the posterior segment. Collectively, 
33 (82% ) of 40 patients had a posterior - 
segment malformation. The malfor- 
mation was unilateral in 17 patients 
and bilateral in 23. 

Analysis of axial length measure- 
ments was limited to the 34 patients 10 
years of age or younger. Figure 1 shows 
the TAL values in millimeters vg age in 
months of the patients. Curves show- 
ing mean TAL with upper and lower 
95% confidence intervals for normal 
subjects are included for comparison. 
All patients had TALs at least 2 SDs 
below the mean. The mean difference 
between observed TAL values and the 
expected values on the normative 
curve was 4.9 + 22 mm. 

To evaluate for possible differential 
effects of the malformation on the 
segmental growth of the eye, ASL and 
PSL were also analyzed in 11 patients 
in whom reliable measurements were 
obtained. Figure 2 shows ASL values 
in millimeters vs age for these 11 
patients. The mean ASL curve with 
95% confidence bands for normal sub- 
jects is shown for comparison. The 
ASL was within the normal range in 4 
patients and at least 2 SDs below the 
mean in the remaining 7 patients. The 


mean difference between the values of ka 


the patients and the expected values 
was 0.7 + 0.6 mm. 

Figure 3 shows PSL values in milli- 
meters vs age in months for the same 
11 patients in Fig 2. The mean PSL 
curve of controls with 95% confidence 
bands is shown for comparison. All 
patients had a PSL at least 2 SDs be- 
low the mean. The mean difference be- 
tween the observed PSL value and the 
expected value was 3.1+0.7 mm. 
(Note that the sum of the ASL and PSL 
mean difference is less than that for 
TAL because the latter included pa- 
tients with severe microphthalmos in 
whom segmental lengths were indeter- 
minate.) 

Corneal diameter was measured in 
39 of the 40 patients; values ranged 
from 2.0 to 10.5 mm. A dermoid of the 
cornea interfered with this determina- 
tion in 1 patient (patient 1, Table 6). 

Figure 4 is the plot of corneal diam- 
eter in millimeters vs TAL in millime- 
ters of the patients. Corneal diameter 
correlated significantly with TAL 
(r? = .57; P < 0001) and decreased lin- 
early as TAL decreased. All patients 
with severe microcornea (<4.0 mm) 
had severe microphthalmia (TAL, 
<14.0 mm). 

Determination of corneal power was 
limited by the nature of the ocular 
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pathologic features and especially by 
the inability of young children to co- 
operate. In 11 patients (15 eyes), cor- 
neal power ranged from 32.0 to 52.0 di- 
opters. Corneal power was less than 40 
D (mean + SD, 33.3 + 2.6 D) in 4 eyes, 
between 40 and 44 D (mean, 42.6 + 0.2 
D) in 5 eyes, and greater than 44 D 
(mean, 47.3 + 1.0 D) in 6 eyes. Corneal 
diameter averaged 4.75 mm in the 4 
eyes with decreased power and 9.0 mm 
in 11 with normal or increased power. 

Lens power was calculated in 10 eyes 
of seven patients. Values ranged from 
18.6 to 31.5 D. The small sample size 
precluded statistical analysis. 

Both micrephthalmic eyes of a still- 
born infant with Meckel-Gruber syn- 
drome, characterized by occipital en- 
eephalocoele, polydactyly, and poly- 
eystic kidneys, were obtained for 
pathological study. The malformed 
globes had a TAL of 15 mm OD and 10 
mm OS; corneal diameter was 6 mm 
OD anc 4 mm OS. (Because measure- 
ments were pest mortem, this case was 
not included im the statistical analysis 
of ocular dimensions.) Microscopic ex- 
amination of the eyes showed incom- 
plete cleavage of the angle, persistent 
tunica vasculosa lentis, scleral and 
uveal celoboma with displaced retinal 
and vitreal tissue, severe retinal dys- 
plasia, and optic nerve hypoplasia 
(Figs 5 and 6). 


COMMENT 


The 40 patients in this study were 
diagnosed as having complex mi- 
crophthalmos based on the presence of 
an ocular malformation and of a TAL 
at least 2 SDs below the mean for age. 
They comprised 0.65% of approxi- 
mately 1000 new patients seen each 
year, and accounted for nearly two 
thirds cf all microphthalmic patients. 

Measurements of TAL were uni- 
formly decreased in 12 infants less 
than 6 months old, indicating that 
complex microphthalmos was congen- 
ital and that the growth of the eye was 
disrupted prior to birth. Comparison 
of the TAL values of our patients with 
age-similar normal subjects (Fig 1) 
reveals that the differential remains 
nearly the same throughout postnatal 
life due to a trend toward increased 
TAL values with advancing age. Our 
data suggest that growth of the mal- 
formed eye in the postnatal period is 
similar to that of the normal eye. 

Measurements of ASL and PSL in 
our patients indicated that PSL was 
disproportionately reduced. The val- 
ues for ASL were within or below the 
normal range, while the values for PSL 
were uniformly at least 2 SDs below 
the mean for age. Posterior segment 
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Table 4.—Ocular and Systemic Findings in Patients With Retinal Dysplasia * 







Patient Corneal Systemic 
No. Age/Sex TAL, mm Diameter, mm Condition 
1 N/M 11.0 3.0 Trisomy 13 









m 






11.0 2.0 





Trisomy 13 


Incontinentia 
pigmenti 








Norrie’s disease 





* Diagnosis of retinal dysplasia was based on histopathological findings in patient 4. In the others the diag- 
nosis was based on the known association of retinal dysplasia with the underlying systemic condition. N indi- 
cates newborn; TAL, total axial length. Double entries for each patient represent the measurements for the right 
and left eyes. 


Table 5.—Ocular and Systemic Findings in Patients With Persistent Hyperplastic 
Primary Vitreous (PHPV) 


Corneal 
Patient Diameter, 
No. Age/Sex mm 


Systemic 


Type of PHPV Condition 


Anterior 
Anterior 
pt oae pe 
peranan 


Anterior 


Anterior 


18 mo/M 


20 mo/F 


34 mo/M 


Anterior 


Mental 
retardation 


Posterior 
Posterior 
Anterior 





* TAL indicates total axial length. Double entries for each patient represent the measurements for the right 
and left eyes. 










Table 6. 






























Corneal 
Patient Diameter, Facial Systemic 
No. Age/Sex mm mm Malformations Disorder 
Newborn /F 17.0 10.5 Oblique facial 
cleft (left) 


Oblique facial 






cleft (left) 
Hemifacial microsomia Facioauriculovertebral 
(6 ft) spectrum*rrs8*"58”) 














* in all three patients fundus examination through the tiny opacified corneas was nat possible. 

+TAL indicates total axial length. Double entries for each patient represent the measurements for the right 
and left eyes. 

+Corneal dermoid interfered with measurement. 
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length accounted for about 80% of the 
decrease in TAL, indicating that the 
reduced size of the malformed eye is 
primarily a consequence of the im- 
paired growth of the posterior seg- 


¥ 


ment. Authors have previously used 
the term posterior microphthalmos in 
individual cases to describe eyes with 
disproportionately short PSL.® Our 
data indicate that reduction in PSL is 


Total Axial Length, mm 





(0) 10 20 30 40 50 60 70 80 90 100 110 120 130 
Age, mo 


Fig 1.—Total axial length in 34 patients with complex microphthalmos. Each dot represents the 
total axial length of one randomly selected eye in patients with bilateral microphthalmos or of the 
smaller eye in patients with unilateral microphthalmos. The mean total axial length of age-similar 
normal subjects (middle curve) with upper and lower 95% confidence bands (outer curves) is 
shown for comparison. 







N 


Anterior Segment Length, mm 


(e>) 


0 10 20 30 40 50 60 70 80 90 100 110 120 130 
Age, mo 


Fig 2.—Anterior segment length in 11 patients with complex microphthalmos. Each dot (except 
one) represents the anterior segment length of one randomly selected eye in patients with bilat- 
eral microphthalmos or of the smaller eye in those with unilateral microphthalmos. Two patients, 
84 months of age with the same anterior segment length, are represented by one dot. The mean 
anterior segment length of age-similar normal subjects (middle curve) with upper and lower 95% 
confidence bands (outer curves) are shown for comparison. 
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a uniform finding in complex mi- 
crophthalmos. 

Since corneal diameter is often 
taken as an indicator of globe size, we 
examined its relationship to TAL. All 
patients in our study had microcornea, 
and there was a significant correlation 
with TAL—corneal diameter de- 
creased linearly as TAL decreased. 
There was moderate variation around 
the regression line for corneal diame- 
ter vs TAL (r? = .57). For example, pa- 
tient 5 (Table 3), with corneal diame- 
ters of 7.5 mm bilaterally, had TAL 
values of 17.6 and 20.5 mm. The linear 
relationship did not hold in cases of 
severe microphthalmos (TAL, <14 mm) 
where corneal diameters were dispro- 
portionately small (<4 mm). 

In a limited number of patients, we 
found that lens power and corneal» 
power were normal or increased (ex- 
cluding the most severe cases). These 
findings can be viewed as evidence that 
conpensatory changes to preserve em- 
metropia occurred im some cases. It is 
more likely, however, that increased 
corneal power simply reflects the de- 
creased radius of curvature of the 
small cornea, and increased lens power 
is due to increased lens sphericity 
resulting from underdevelopment. or 
decreased diameter of the suspensory 
zonular annulus. An unexpected find- 
ing was a decrease in corneal power in 
patients with severe microcornea. 
Probably the capacity of the cornea to 
curve is exceeded as its diameter 
diminishes to a critical value (near 
4 mm), at which its curvature approx- 
imates that of the globe (cornea pla- 
na). 

More than 80% of the eyes in this 
study had a malformation of the pos- 
terior segment. This finding, together 
with the disproportionate reduction in 
PSL, suggests that complex mi- 
crophthalmos is primarily due to ab- 
normal growth of the posterior seg- 
ment. Secondary vitreous is the largest 
component of the posterior segment, 
occupying more than 90% of its 
volume." Expansion of the vitreous 
body accounts for 60% of the prenatal 
growth of the eye and for 90% of its 
postnatal growth. Inadequate produc- 
tion of secondary vitreous could thus 
lead to microphthalmos. 

Several lines of evidence implicate 
inadequate production of secondary 
vitreous as the cause of microphthal- 
mos in coloboma, PHPV, and retinal 
dysplasia. Coulombre and Coulombre*® 
evacuated vitreous in fetal mice and 
induced microphthalmos. Histopatho- 
logical studies of PHPV in humans 
have shown that the persistence of 
primary vitreous is associated with 
decreased volume of secondary vit- 
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reous.’ In 1987, Scholtz and Chan’ 
studied mice witn hereditary chorio- 
retinal colobomas and microphthal- 
mos and shewed that the impaired 
growth was due to defective produc- 
tion of secondary vitreous. Since the 
+ retina plays a key role in the produc- 
tion of secondary vitreous, retinal dys- 
plasia could also interfere with vitre- 
ous preduction and result in mi- 


therapy for glaucoma, resulting from 
underdevelopment of the ciliary body 
(none of these eyes was studied histo- 
pathologically). The ciliary body may 
affect the growth of the posterior seg- 
ment by two different mechanisms. 
First, by virtue of location and metab- 
olism, the ciliary body may contribute 
to the constitution of the vitreous body 
and consequently its size. Second, the 


ciliary body produces aqueous humor 
and thus regulates imtraocular pres- 
sure, a major factor in the growth of 
the eye. We cannot completely exclude 
the possibility that an induction defect 
in the neural crest cells, which con- 
tribute to the formation of the anterior 
segment as well as the sclera, explains 
the microphthalmos. 

Nine patients in our study had se- 





crophthalmos. 

More is known about the origin of p 
the secondary vitreous than about the 
factors that regulate its production. 
Clues have come from tracing the 
source of its predominant compo- 
nents—hyaluronic acid and collagen. 
By labeling chick embryos with triti- 
ated proline at various stages of devel- 
opment, Newsome et al” demonstrated 

phat the primary source of vitreous 

"collagen (vitrosim) was neural retina 
during embryogenesis and vitreous 
cells (vitrocytes) later. It is likely that 
the vitreous preduction from both 
sources is influenced by the secretion 
of regulatory maeromolecules (growth 
factors) from adjacent tissues. Grow- 
ing evidence supports the production 
of numerous grewth factors within 
various parts of the eye and indicates 
their role in the coordinated regula- 
tion of ocular growth.'*?! A malforma- 
tion of amy acjacent tissue in the ante- 
rior er posterior segment of the eye 

_ may limit vitreous expansion and 
cause micropnothalmos by altering the 
production of these regulatory growth 
factors. 

Seven patients in this study had pri- 
mary malformation of the anterior 
segment, asseciated with reduction in 
size of the posterior segment. Possibly 
responsible for this, in some cases, is 
an influence of the lens on expansion 
of the secondary vitreous, for which 
there is accumulating evidence. Cou- 
lombre~ showed that prenatal re- 
moval of the lens in mice resulted in 
microphthalmos; its reinsertion re- 
stored normal grewth. In 1987, Wilson 

+ et al” showed that in neonatal mon- 
keys, after unilateral surgical lensec- 
tomy, the TAL of the eye operated on 
was shorter than that of the control 
eye. They concluded that altered ex- 
pression of “trophic factors” and a 
shift of mechanieal forces within the 
eye led to microphthalmos. 

Microphthalmos associated with an- 
terior segment dysgenesis has an un- 
certain pathagenesis. The ciliary body 
seems to be the critical structure in 
this relationship, as it is the only por- 
tion of the anterior segment adjacent 
to the vitreous. Supportive evidence 7 8 9 0 1 12 3 MAG. 16 6. Sa T 
for this view eomes from three pa- Total Axial Length, mm 
tients in our study who developed hy- 
potony, following limited cyclocryo- 


Posterior Segment Length, mm 





0 10 20 30 40 50 60 70 80 90 wo 110 120 130 4 
Age, mo i 

Fig 3.—Posterior segment length in 11 patients with complex microphthalmes. Each dot repre- 

sents the posterior segment length of one randomly selected eye in patients with bilateral 

microphthalmos or of the smaller eye in those with unilateral microphthalmos. The mean posterior 

segment length of age-similar normal subjects (middle curve) with upper and lower 95% confidence 

bands (outer curves) are shown for comparison. 


Corneal Diameter, mm 





Fig 4.—Corneal diameter vs total axial length in 33 patients with complex microphthalmos. Two 
pairs of patients with overlapping values are represented by one dot each. 
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Fig 5.—Photomicrograph of the whole globe of the patient with Meckel- 
Gruber syndrome.°°?'52-'53) The straight arrow shows the hypoplastic 
optic nerve; curved arrow, a full-thickness defect in the scleral tissue 
(hematoxylin-eosin, original magnification X3). 


vere microphthalmos. Of these, two 
had chorioretinal coloboma with cyst 
formation, in which there was a com- 
municating channel between the globe 
and the attached cyst.” This connec- 
tion led to diversion of fluid contents 
from the globe to the cyst, keeping the 
distending pressure of the eye low. 
Since the growth of the eye is at least 
partially due to its internal distending 
pressure, it is not surprising that 
colobomatous eyes with cysts may re- 
main very small. 

The basis for severe microphthal- 
mos in the remaining seven patients is 
unclear. Extreme stunting of ocular 
growth could result from the additive 
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effect of coexistent malformations. 
Histopathological examination of the 
patient with Meckel-Gruber syndrome 
supports this view in that both eyes 
showed retinal dysplasia as well as 
colobomatous malformation. The 
same combination of findings has been 
reported in association with trisomy 
13 and may occur with facial mal- 
formations.” In congenital rubella, 
microphthalmic eyes are always cata- 
ractous and have retinopathy. 

We conclude that complex mi- 
crophthalmos is congenital and that 
postnatal growth of the malformed eye 
parallels that of the normal eye. The 
microphthalmos associated with ocu- 


References 


10. McKusick VA. Mendelian Inheritance in 
Man. 7th ed. Baltimore, Md: The Johns Hopkins 
University Press; 1986. 

11. Zeiter HJ. Congenital microphthalmos. Am 
J Ophthalmol. 1963;55:910-921. 

12. Weiss AH, Kousseff BG, Ross EA, Longbot- 
tom, J. Simple microphthalmos. Arch Ophthalmol. 
1989;107:1625-1630. 

13. Spitznas M, Gerke E, Bateman JB. Hered- 
itary posterior microphthalmos with papillomac- 
ular fold and high hyperopia. Arch Ophthalmol. 
1983;101:413-417. 

14. Ozanies V, Jakobiec FA. Prenatal develop- 
ment of the eye and its adnexa. In: Duane TD, 
Jaeger EA, eds. Biomedical Foundations of Oph- 
thalmology. New York, NY: Harper & Row Pub- 
lishers Inc; 1987;1:1-86. 

15. Coulombre AJ, Coulombre JL. Lens devel- 
opment, I: role of lens in eye growth. J Exp Zool. 
1964;156:39-47. 

16. Scholtz CL, Chan KK. Complicated colo- 
bomatous microphthalmia in the micro- 
phthalmic (mi/mi) mouse. Development. 1987: 
99:501-508. 

17. Newsome DA, Linsenmayer TF, Trelstad 
RL. Vitreous body collagen: evidence for a dual 
origin from the neural retina and hyalocytes. 
J Cell Biol. 1976;71:59-67. 

18. Savage C Jr, Cohen S. Proliferation of cor- 
neal epithelium induced by epidermal growth 


1624 Arch Ophthalmol—Vol 107, November 1989 





Fig 6. —High-magnification view of the posterior pole shown in Fig 1. The 
Straight arrow shows a segment of dysplastic retina lying directly on the 
sclera due to the absence of underlying choroid and retinal pigment epz- 
ithelium; curved arrow, scleral canal filled with vitreous, neuroepithelia/ 
elements, and retinal pigment epithelium (original magnification X 100). 


lar malformations is uniformly due to 
decreased growth of the posterior seg- 
ment. We postulate that this condition 
results from inadequate production of 
secondary vitreous, given that the vit- 
reous is its predominant component. 
In addition, evidence is presented that 
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mary vitreous can influence the pro- 
duction of secondary vitreous, thereby 


i 


affecting ocular growth. Our conten- * 


tion is that developmental abnormali- 
ties of these structures disturb the re- 
lease of growth factors that regulate 
the production of secondary vitreous, 
and thus cause microphthalmos. 
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Simple Microphthalmos 


Avery H. Weiss, MD; Boris G. Kousseff, MD; 
Eric A. Ress, 3CM; Judith Longbottom, MD 


a> 


è Simple microphthalmos was diag- 
nosed in 22\p«tients on the basis of a nor- 
mal-appearinc eye anda total axial length 
at least2 SDs aslew the mean for age. An- 
terior segmert length was normal in most 
patients while posterior segment length 
was at ‘east 2 SDs below the mean in all 
patients, indieating that disproportionate 
reduction in posterior segment length ac- 
counted for the microphthalmos. The nor- 
mal values for total axial length, anterior 
segment length, and posterior segment 
length were determined from the analysis 


- of axial length measurements obtained 


from age-similar controls. Ten patients 
had isolated micrephthalmos. One of them 
was diagnosed as having nanophthalmos 
on the basis of microcornea, total axial 
length less than 18 mm, and absence of 
systemic disease. Twelve patients had as- 
sociated systemic disorders, such as fetal 
alcoho! syndrome, myotonic dystrophy, 
and achondeoplasia, which implicated 
decreased size of the optic cup, altered 
vitreous proteoglycans, low intraocular 
pressure, anc abnormal release of growth 
factors in “he pathogenesis of mi- 


crophthaimos. 
(Arch Opathalmol. 1989; 107:1625- 
1630) 


Gimple or gure microphthalmos de- 
scribes an eye that is essentially 
normal except for its short total axial 
length (TAL). The decreased TAL 
causes distant objects to be imaged 
behind the retina, resulting in high 
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hyperopia. In most reported cases, 
high hyperopia was found in normal- 
appearing eyes of healthy indi- 
viduals.” Many authors, including 
Duke-Elder,! have synonymously em- 
ployed the terms simple (or pure) mi- 
crophthalmos and nanophthalmos to 
refer to such eyes. In early descriptions 
the cardinal features of nanophthal- 
mos included extreme axial hyperopia 
and microcornea in an otherwise- 
healthy individual.'*° More recently, 
the diagnostic features of nanophthal- 
mos have become indistinct as patients 
with less severe axial hyperopia and 
normal-sized corneas have been in- 
cluded and patients with high axial 
hyperopia as part of various congeni- 
tal retinal abnormalities have been 
described.*" 

Although the clinical manifesta- 
tions of simple microphthalmos have 
been well described, the axial dimen- 
sions of the globe have not been sys- 
tematically studied and little has been 
written about its pathogenesis or the 
mechanisms by which it is related to 
associated systemic disorders. In this 
study we describe 22 patients with 
simple microphthalmos, including 12 
with systemic abnormalities and 1 
with nanophthalmos, and compare 
their ocular dimensions with those of 
age-similar normal subjects. Possible 
pathogenetic mechanisms of mi- 
crophthalmos are considered in rela- 
tion to its associated systemic disor- 
ders. 


SUBJECTS AND METHODS 
Patient Selection 


Between July 1, 1981, and June 30, 1987, 
all patients with high hyperopia, micro- 
cornea, or both seen at the University of 
South Florida Pediatric Ophthalmology 
Service (A.H.W.) were evaluated with ul- 
trasonographic biometry. Twenty-two pa- 
tients with otherwise-normal eyes were 


identified as having simple microphthal- 
mos on the basis of a TAL that was 2 or 
more SDs below the mean for age-similar 
controls. In one 41-year-old patient the di- 
agnosis was based en a TAL less than 20.9 
mm. 


Contral Subjects 


Forty-four controls (20 female and 24 
male subjects, newborn to 10 years of age) 
referred for ophthalmologic evaluation 
during the same period had axial length 
measurements taken. The control subjects 
were selected on the basis of having normal 
eyes with a refraction between +3.50 and 
—2.00 diopters (in spherical equivalent). 


Subjects With Grewth Hormone 
Deficiency 


Twenty additional children with isolated 
growth hormone *GH) deficiency or GH 
neurosecretory deficiency were evaluated 
for microphthalmos. Growth hormone neu- 
rosecretory deficiency was based on the fol- 
lowing criteria: height below the first per- 
centile for age; growth velocity of 4 cm or 
less per year; delayed bone age, 2 or more 
years behind chrenolegical age; low so- 
matomedin-C level for age; and normal 
provocative GH test results. Growth hor- 
mone-deficient children met the same cri- 
teria except that they had subnormal GH 
provocative test results.’ 


Ocular and Systemic Evaluation 


Ophthalmologic evaluation included de- 
termination of best corrected visual acuity; 
assessment of motility, binocularity, and 
pupillary reactions; slit-lamp biomicros- 
copy; and direct and indirect ophthalmos- 
copy. Refractions were-done by retinoscopy 
40 minutes after twice instilling one drop 
each of 2.5% phenylephrine hydrochloride 
and cyclopentolate hydrochloride (Cyclo- 
gyl) (0.5% in infarts less than 6 months of 
age, 1% in children between 6 months and 
2 years, and 2% in older children). When- 
ever possible, corneal curvature was mea- 
sured with a keratometer. All patients un- 
derwent systemic evaluation by a clinical 
geneticist (B.G.K... 
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Axial Length Measurements 


The total and segmental axial lengths 
were measured by A-scan ultrasonography 
in all patients and controls using the Kretz 
scan (model 7200) with a water immersion 
transducer probe in a contact lens reservoir 
filled with saline solution and centered on 
the cornea. Since all eyes were phakic, a 
sound velocity of 1550 m/s was assumed. 
Axial length was computed according to 
standardized techniques. To study differ- 
ential growth, we subdivided TAL into an- 
terior segment lengths (ASLs) and poste- 
rior segment lengths (PSLs). Anterior seg- 
ment length was measured from the 
anterior edge of the corneal spike to the 
posterior edge of the lens spike. Posterior 
segment length was measured from the 
posterior edge of the lens spike to the lead- 
ing edge of the retinal spike. Lens thickness 
was measured from the leading edge of the 
anterior lens spike to the leading edge of the 
posterior lens spike. Anterior chamber 
depth was calculated from ASL by sub- 
tracting lens thickness and an additional 
0.5 mm to account for corneal thickness. 


Determinations of Lens Power 


Lens power (LP) was calculated using the 
following formula": 


_n—(K)(TAL) 
(TAL — ACD) (1 


ai —IKIACD) 
n 


where n is refractive index 1.336; K is cor- 
neal power (in diopters); TAL is total axial 
length (in meters); and ACD is anterior 
chamber depth (in meters). 


Data Analysis 


To establish normal values for compari- 
son, the TAL of 44 normal children ranging 
from newborn to 10 years of age and the 
ASL and PSL of 36 of these children in 
whom reliable measurements were ob- 
tained were plotted as a function of age in 
months (Figs 1 through 3). Serial measure- 
ments of the patients of advancing age were 
not done because of time constraints. To 
avoid overlap with the y axis, the data 
points near birth were arbitrarily assigned 
an age of 0.5 month. The relationship be- 
tween age and axial length was determined 
by linear regression analysis, with the vari- 
able x (natural logarithm of age) being the 
independent variable and the variable y 
(length in millimeters) being the dependent 
variable. A simple linear regression equa- 
tion was computed according to the method 
of least squares. A 95% confidence interval 
for a single observation about the least 
squares line was determined assuming a 
normal distribution. The bands in the fig- 
ures were generated by plotting the mean 
predicted and 95% confidence interval of 
axial length (in millimeters) vs the un- 
transformed age in months. The strength of 
the linear relationship was measured by 
calculating its coefficient of determination. 
All statistical analyses were done using the 
programs of the Statistical Analysis Sys- 
tem Institute, Cary, NC. 


RESULTS 


The 6 male and 16 female patients 
ranged from 7 months to 10 years of 
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Fig 1.— Total axial length values in 44 normal subjects. Each dot represents the total axial length 
of one randomly selected eye of each patient. The expected mean total axial length with upper 


and lower 95% confidence bands are shown by the middle and outer curves. 
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Fig 2.—Anterior segment length values in 36 normal subjects. Each dot represents the anterior 
segment length of one randomly selected eye of each patient. The expected mean total axial length 
with upper and lower 95% confidence bands are shown by the middle and outer curves. 

age, except for one 41-year-old woman. children), or Allen cards or Snellen 
They presented with esotropia or sus- | measurement. In 3 patients with de- 
pected decreased vision between 9 creased visual acuity, visual function 
months and 6 years of age. Mi- was evaluated further by color vision 
crophthalmos was suspected on the (Panel D-15, Psychological Corp, New 
basis of high hyperopia (16 patients), York, NY, and American Optical 
microcornea (3 patients), or both (3 H-R-R plates, Southbridge, Mass), and 
patients). Nineteen patients were  electrophysiological testing (elec- 


judged to have normal visual acuities 
based on fixation pattern (10 preverbal 
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troretinography and visual evoked po- 
tential testing). All test results were 
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Fig 3.—Pesterior segment length values in 36 normal subjects. Each dot represents the posterior 
segment length of onerandomly selected eye of each patient. The expected mean total axial length 
with upper and lewer 95% confidence bands are shown by the middle and outer curves. 





70 80 90 100 110 120 130 


Age, mo 


Fig 4.—Tctal axial lergth in 21 patients with simple microphthalmos. Each dot represents the to- 
tal axial length of one randomly selected eye of each patient. The mean total axial length values 
for normal:subjects (middle curve) and upper and lower 95% confidence bands (outer curves) are 


shown for comparison. 


normal. In 10 patients, microphthal- 
mos was an isolated finding. In the re- 
maining 12 patients, microphthalmos 
appeared as part of a systemic disor- 
der. 

Figure 4 shows the TAL values in 
millimeters vs age in months of the 
patients and the mean TAL values 
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with 95% confidence bands of age- 
similar controls. One eye of each pa- 
tient was randomly selected, as mea- 
surements for each patient’s two eyes 
differed by less than 0.4 mm. All pa- 
tients had a TAL 2 or more SDs below 
the mean. The mean (+SD) difference 
between the observed TAL and the ex- 


pected normal value was 3.1 + 0.8mm. 

To evaluate for differential rates of 
growth, ASL and PSL were measured 
separately in 17 of the 21 patients; the 
segmental lengths of the remaining 4 
patients could not be measured. Fig- 
ures 5 and 6 show the ASL and PSL 
values in millimeters vs age in months 
of the patients anc the mean ASL and 
PSL values with 96% eonfidence bands 
of age-similar controls. Most patients 
had ASL values within the normal 
range, while all patients had PSL val- 
ues at least 2 SDs below normal. 

Corneal diameter was measured in 
all patients and ranged from 8.5 mm to 
11.5 mm. Fifteen of 22 patients had 
values within the normal range (10.5 to 
12.0 mm); the remaining 7 had micro- 
cornea. Six patients with microcornea 
had a systemic disorder; the remaining 
patient had nanophthalmos. There 
was no significant correlation between 
corneal size and TAL. 

Refractions ranged from plano to 
+11 D; 18 (82% ) of 22 patients had at 
least +7 D of hyperopia (Fig 7). Each 
of the four patients with little or no 
hyperopia had microcornea with a sys- 
temic disorder—two had alcohol em- 
bryopathy, one had diabetic embryop- 
athy, and one had pseudotrisomy 18. 
None of the patients had similarly af- 
fected family members. 

The refractive power of the cornea 
was measured in 16 of 22 patients. 
Technical limitations excluded the re- 
maining 6 from this analysis. For as- 
tigmatic corneas, values were ex- 
pressed as spherical equivalent. Cor- 
neal powers were norma! or increased, 
and there was minimal interocular 
difference. Values were between 40.5 
and 44.5 D in 10 patients, between 45.0 
and 48.0 D in 3 patients, and between 
52.0 and 56.0 D in 2 patients. The 3 pa- 
tients with the steepest corneas had 
microcornea and systemic disorders. 

Lens refractive power was calcu- 
lated in 15 patients. Powers ranged 
from 20 to 25 D in 8 patients, 26 to 30 
D in 4 patients, and 32 to 35 D in 8 pa- 
tients. 

To investigate tne relationship be- 
tween microphthalmos and GH, 20 pa- 
tients with isolated GH or GH neuro- 
secretory deficiency were evaluated for 
microphthalmos. Only 1 patient with 
GH deficiency (due to an empty sella 
syndrome) was found to have simple 
microphthalmos. 

COMMENT 

The 22 patients in this study had 
simple microphthalmos documented 
by measurement cf TAL. They com- 
prised 0.36% of the approximately 
1000 new patients seen in a university 
pediatric ophthalmolegy clinic each 
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Fig 5.—Anterior segment length in 17 patients. Each dot (except one) represents the anterior 
segment length of one randomly selected eye of each patient. Two pairs of patients with the same 
anterior segment length are represented by one dot each. The mean anterior segment length of 
age-similar normal subjects (middle curve) with upper and lower 95% confidence bands (outer 
curves) are shown for comparison. 
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Fig 6.—Posterior segment length in 17 patients. Each dot represents the posterior segment length 
of one randomly selected eye of each patient. The mean posterior segment length values for nor- 
mal subjects (middle curve) and upper and lower 95% confidence bands (outer curves) are shown 
for comparison. 


year and accounted for one third of all 
microphthalmic patients. Given this 
frequency, the small number of previ- 
ously reported cases suggests that 
simple microphthalmos is frequently 
overlooked. 

As a rule, microphthalmos was an 


incidental finding in a patient referred 
because of esotropia or suspected vi- 
sual loss. Detection of high hyperopia 
(75% of patients), microcornea (15%), 
or both (10% ) in an otherwise-normal- 
appearing eye led to TAL measure- 
ments and diagnosis of simple mi- 
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Fig 7.— Distribution of refraction in 21 patients. 
Values are expressed as spherical equivalent 
in diopters (D). 
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crophthalmos. The values for TAL 
were all greater than 16.0 mm. None of 
the patients had severe microphthal- 
mos. The lack of measurements per- 
formed during the first year of life, 
when most postnatal ocular growth 
occurs, precluded determination of 
whether growth was disturbed before 
or after birth. 

Globe size was disproportionately 
reduced. In most cases, the size of the 
anterior segment was normal, while 
that of the posterior segment was sig- 
nificantly decreased, accounting for 
90% of the reduction in TAL. This is 
consistent with the fact that expansion 
of the posterior segment accounts for 
60% of the prenatal and 90% of the 
postnatal increase in diameter of the 
globe.'*!5 

In 10 patients, simple microphthal- 
mos appeared as an isolated abnormal- 
ity (Table 1). Only 1 of these patients 
was diagnosed as having nanophthal- 
mos (patient 3). This distinction was 
based on the dimensional criteria 
alone since the ocular complications 
reported in nanophthalmos do not ap- 
pear during childhood. Nanoph- 
thalmic eyes have been reported to de- 
velop glaucoma, retinal detachment, 
and spontaneous uveal effusion with 
high frequency between the third and 
fifth decades. We believe that nanoph- 
thalmos is a rare condition and should 
be diagnosed on the basis of a TAL less 
than 18 mm, presence of microcornea, 
and absence of an associated ocular or 
systemic disorder. Similar involve- 
ment of family members with an auto- 
somal dominant pattern of inheritance 
may help to distinguish nanophthal- 
mos in some cases. Whether mi- 
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Table 1.—Ccular Features of Patients With Isolated Simple Microphthalmos* 


Corneal Axial 
Diameter, Refraction, Length, 
mm Diopters mm 


14mo/F 


20/30t 
20/30tT 
20/30ł 


20/30t 
20/30 
20/30 
20/30 
20/30 
20/30* 
20/30* 
20/25 
20/25 
20/100 
20/80 
20/20 
20/25 
20/50 
20/50 
20/70 +11.00 
20/40 +11.00 


* Double entries for each patient represent the measurements for the right and left eyes. 
tVisual acuity was e»trapolated from fixation pattern. 





+9.00 
+9.00 
+7.50 
+7.00 
+7.50 
+7.50 
+120 
+7.37 
+ 10.00 
+ 10.00 
+7.00 
+7.00 
+6.75 
+7.00 


Table 2.—Oeular Features of Patients With Simple Microphthalmos as Part of a 
Systemic Disorder * 


Corneal Axial 
Diameter, Refraction, Length, 
Diopters mm 


+8.50 16.8 
+8.50 16.8 
+10.00 17.2 
+10.00 17.2 
+2.25 18.6 
+2.25 18.6 
Plano 16.0 
Plano 17.0 
+5.00 18.4 Fetal alcohol 
+5.00 18.4 syndrome 
+9.00 18.0 Diabetic 
+9.00 18.0 embryopathy 
Plano 17.6 
Plano 18.0 
+9.25 19.4 
+9.25 19.7 
+9.75 20.5 Isolated growth 
+9.75 20.5 hormone deficiency 
+8.25 19.2 
+8.25 19.4 
+10.00 19.0 
+10.00 19.0 


Visual 
Acuity mm 


20/30¢ 9.0 
20/30 9.0 
20/304 10.5 
20/30¢ 10.5 
20/304 9.0 
20/30¢ 9.0 
20/304 7.5 
20/30ł 7.5 
20/304 9.5 
20/30¢ 9.5 
20/30¢ 9.0 
20/30¢ 9.0 
20/304 8.5 

<20/400 9.0 
20/30+¢ 12.0 
20/30¢ 12.0 
20/30 11.0 
20/30 11.0 
20/50 11.5 
20/50 11.6 
20/30 11.0 
20/30 11.0 
20/30 11.0 +9.50 19.0 
20/30 11.0 +10.00 19.2 

* Double entries fer each patient represent the measurements for the right and left eyes. 

+Diabetic embryomatiy indicates microcephaly and other malformations attributed to maternal diabetes; 


pseudotrisomy 18, presotypic features of trisomy 18 with a normal karyotype. 
Visual acuity was extrapolated from fixation pattern. 


Systemic 
Abnormalitiest 


Achondroplasia 


Patient 
No. Ager Sex 
11 10 mo" F 


12 12 ma” F Myotonic dystrophy 


Diabetic 
embryopathy 


13 15 moa M 
14 15 mo M Pseudotrisomy 18 
15 19 ma” F 


16 20 moa M 


Fetal alcohol 
syndrome 


17 30 maoM 


Mental retardation, 
radial ray defect?’ 


18 Sey IF 


Gym 


Maroteaux-Lamy syndrome 
(mucopolysaccharidosis VI) 


ey IF 


21 Gey F Myotonic dystrophy 


Pseudo-Hurler syndrome*® 
(mucolipidosis IlI) 


22 41yF 








crophthalmie 2yes without extreme 
axial hyperopi< and the corneal abnor- 
malities characteristic of nanophthal- 
mos are predisposed to develop ocular 
complications ss unknown but appears 
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unlikely, given the frequency of simple 
microphthalmos. 

Most patients with microcornea had 
the following prenatal systemic disor- 
ders: alcohol and diabetic embryopa- 


thy, achondroplasia, and pseudotri- 
somy 18. In contrast, corneal diameter 
was normal in progr2ssive systemic 
disorders such as mucopolysacchari- 
dosis VI (Maroteaux-Lamy syndrome), 
mucolipidosis III, anc myotonic dys- 
trophy. Since the carnea is nearly 
adult-sized at birth, i: is not surpris- 
ing that corneal size is decreased in 
systemic disorders of prenatal onset 
and normal in disorders of postnatal 
onset. 

Excessive accommodation is 
thought to play a key role in the devel- 
opment of axial myopia in humans and 
various animal species.'*’* If increased 
accommodation causes axial elonga- 
tion, it is possible that decreased or 
absent accommodetionm could cause ax- 
ial hyperopia. As a coasequence of in- 
adequate accomm)da7ion, the retinal 
image blur would create an amblyo- 
genic situation, resul*ing in bilateral 
visual acuity reduction. All but three 
patients in this study had normal vi- 
sual acuities, indicating that accom- 
modation is usualy 10rmal. On the 
other hand, deficient accommodation 
might have contribuced to the mi- 
crophthalmos and decreased acuity in 
the remaining three patients. The rea- 
son for the inconsistent effect of ac- 
commodation on postnatal growth of 
the eye is unclear. 

Subnormal size of tme optic cup ap- 
peared to be impcrtaat in the patho- 
genesis of microphthalmos with mi- 
crocornea. The optic œp, which origi- 
nates from a loca ized evagination of 
the forebrain, is the supporting frame- 
work for ocular devesopment.” Thus, 
the constraints imoosed by a small op- 
tic cup could lead to microphthalmos. 
It is logical to assume that a malfor- 
mation of the fore>ram predisposes to 
the development cf a small optic cup, 
which in turn could cause mi- 
crophthalmos. Exposure to alcohol or 
maternal diabetes in utero has been 
shown to disturb tae growth and 
development of the forebrain in 
utero.” Our observation of four pa- 
tients with simple microphthalmos 
and microcornea in essociation with 
alcohol or diabetie embryopathy sup- 
ports the causal relat onship between 
the malformed ‘oreorain and mi- 
crophthalmos (Table 2). The absence of 
microcornea in most other cases ar- 
gues against the role of a small optic 
cup since corneal size 3s, in part, deter- 
mined by the area corcumscribed by 
the anterior margins Df the cup. 

Another factor important to the de- 
termination of ocular size is the mag- 
nitude of intraocular pressure. In- 
creased intraocular ressure causes 
enlargement of the globe (mac- 
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rophthalmos) during infancy, due to 
the greater distensibility and growth 
potential of the very young cornea and 
sclera. By contrast, abnormally low 
intraocular pressure prior to birth or 
during infancy could result in mi- 
crophthalmos. Experimental proof of 
this hypothesis was provided by 
Coulombre,“. who induced mi- 
crophthalmos in mice by lowering 
their intraocular pressure prior to 
birth. A similar situation may exist in 
patients with myotonic dystrophy, 
which is associated with hypotony 
(7.1 + 2.21 mm Hg in patients com- 
pared with 14.6 + 3.5 mm Hg in nor- 
mal subjects). It seems likely that 
decreased intraocular pressure played 
a role in limiting postnatal ocular 
growth in two of our microphthalmic 
patients with myotonic dystrophy 
(Table 2). 

The occurrence of microphthalmos 
in one patient with Maroteaux-Lamy 
syndrome (mucopolysaccharidosis 
VI), one with pseudo-Hurler syndrome 
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Squamous Carcinoma of the Eyelid 
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è The polymerase chain reaction (PCR) 
is a molecular teehnique that amplifies 
specific target DNA sequences in vitro to 
facilitate identification of DNA. We have 


«sapped the PCR to a recurrent infiltrating, 


well-differentiated squamous carcinoma 
from the right lowereyelid of a 37-year-old 
woman. With primers specific for human 
papillomavirus (HPY) type 16 DNA, PCR 
yielded a single band of amplified DNA 
product. The product was positive, with a 
radiolabeled HPY type 16 probe on dot 
blot analysis. The presence of HPV type 16 
viral DNA in this recurrent squamous car- 
cinoma of the eyelid has implications with 
regard to the poss ble origin, treatment, 
and prognosis of the tumor. 

(Arch Ophthalmol. 1989; 107:1631- 
1634) 


uman papillemaviruses (HPVs) 

have beenimplicated in the patho- 
genesis of proliferative squamous le- 
sions of the male and female genital 
tracts, particularly of the uterine cer- 
vix, and ef the respiratory tract." 
Human papillomavirus types 6 and 11 
are frequently associated with benign 
lesions in the genital and respiratory 
tracts,'*while HPV types 16 and 18 are 
associated with more severe dyspla- 
sias and invasive carcinomas of the 
genital tract.“ The role of HPV in 
squamous lesions occurring in tissues 


_» other than those of the genital and 


x 


respiratory tracts is less well docu- 
mented. Human »apillomavirus type 
16 DNA is present in about 50% of the 
biopsy specimens from penile cancer, 
in seme perianal and anal cancers, and 
in a small percencage of oral, tongue, 
laryngeal, and lung carcinomas.” Pap- 
illomavirus antigens and DNA have 
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been identified also in conjunctival 
tumors.'*” 

The polymerase chain reaction 
(PCR) is anin vitro DNA amplification 
technique that greatly enhances the 
sensitivity of detection of defined (eg, 
HPV) DNA sequences in formalin- 
fixed, paraffin-embedded tissue. Am- 
plification permits their detection us- 
ing type-specific probes.” The PCR 
has been used to identify a variety of 
specific DNA sequences, such as those 
of viruses (including HPV**) in 
tissues.224 We previously applied PCR 
to a group of conjunctival dysplasias 
and documented the presence of HPV 
type 16 DNA.” Recently, we applied 
PCR to a squamous carcinoma of the 
eyelid to determine if HPV is associ- 
ated with this cutaneous malignant 
neoplasm. 


REPORT OF A CASE 


A 37-year-old woman noted a mass on her 
right lower eyelid approximately 1 year be- 
fore her initial clinical examination. The 
mass had been growing and had recently 
begun to drain purulent material (Fig 1). 

On initial examination, her uncorrected 
visual acuity was 20/40 OD and 20/30 OS. 
There was a 2.0 X 1.0 X 0.75-em mass along 
the right lower eyelid margin (Fig 1, top 
left). There was no adenopathy. 

A biopsy specimen of the lesion was 
obtained, and histologic evaluation re- 
vealed an infiltrating squamous carcinoma 
(Fig 1, top right and bottom). She subse- 
quently underwent complete excision of the 
mass with reconstruction of the eyelid. She 
was unavailable for follow-up in the imme- 
diate postoperative period, but 11 months 
after reconstruction, she presented again 
with a 3-mm nodule on the lateral aspect 
of her right lower eyelid. A biopsy speci- 
men again revealed squamous carcinoma, 
and a wide excision of the mass was per- 
formed (Fig 2). The patient was unavail- 
able for follow-up after the sutures were 
removed. 


MATERIALS AND METHODS 


Patient history was obtained from the 
information submitted with the pathology 
specimen and from a review of the patient’s 
chart. Paraffin-embedded, hematoxylin- 
eosin-stained sections were examined to 
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establish the diagnosis of invasive carci- 
noma. 


PCR 


A PCR was performed as previously 
described.” In brie’, single sections from 
the paraffin-embedded block of the recur- 
rent squamous carcinoma were cut at 6 um, 
deparaffinized, and desiceated. 

Each specimen via! contained the follow- 
ing: distilled water; 10X reaction buffer 
consisting of 500 mmol/L of potassium 
chloride, 100 mmole/L of TRIS chloride, pH 
8.3, at room temperature; 15 mmole/L of 
magnesium chloride: a nucleotide mix in- 
cluding dATP, dCTP. dGTP, and TTP; spe- 
cific primer for the F6 open reading frame 
of HPV 16 or HPV 18(Microchemistry Core 
Facility of the Norris Center, Los Angeles, 
Calif% to a final concentration of 1 
umol/L; 0.1% weight per volume of gelatin; 
and heat-stable DNA pelymerase I (Taq 
polymerase; Perkin-Elmer Cetus, Norwalk, 
Conn). The primers were complementary to 
opposite DNA strands specific for the E6 
gene of HPV 16 or 13%” and were 79 base 
pairs apart. Each tube was overlaid with 
100 uL of mineral oil and was then subjected 
to 25 cycles of PCR. 

After chloroform extraetion, the aqueous 
phase was removed, and aliquots were an- 
alyzed by dot blot or gel electrophoresis. 


Agarose Gel Electrophoresis 


Ten microliters of aqueous-phase solu- 
tion was loaded inte a gel, and reaction 
products were separated by electrophoresis 
on a 1% agarose gel ‘Oneor; Gaithersburg, 
Md) at 150 volts for 1 hour, with a buffer of 
TRIS acetate ethylenediaminetetraacetic 
acid; 1X (TAE) buffer with ethidium bro- 
mide at 5 mg/L. Expected product size was 
119 base pairs, and only a single band was 
expected. 


Dot Blot and Hybridization 


Five microliters of aqueous-phase PCR 
product was placed im 250 uL of a denatur- 
ation solution consisting of 0.4N of sodium 
hydroxide and 25 mmol/L of ethylenedi- 
aminetetraacetic acid. Specimens were 
loaded into wells in a dot blot apparatus 
(Bio-Rad; Richmond, Calif). Samples were 
blotted onto a prewet membrane, washed 
with 20X SSPE (which is 3 mol/L of sodium 
chloride, 0.2 mol/L of hydrated sodium hy- 
pophosphate, and 0.02 mol/L of ethylenedi- 
aminetetraacetic acid, pH 7.4) and dried. 
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After crosslinking the DNA with ultravio- 
let light, membranes were baked at 80°C for 
30 minutes. Specimens were then prehy- 
bridized in a plastic bag in Hybrizol 1 (On- 
cor), containing 50% formamide and 10% 
dextran sulfate. Radiolabeled probes, 40 
base pairs in length, specific regions for the 
E6 gene of HPV type 16 or HPV type 18%% 
were then added at 1 million counts per 
minute per milliliter, and specimens were 
hybridized for 2 hours to overnight in an 
environmental incubator shaker device 
(model G24; New Brunswick Scientific Co, 
Inc, Edison, NJ). Membranes were sub- 
jected to a high-stringency wash, including 
1X SSC and 0.2% sodium dodecy] sulfate. A 
final wash was in 500 mL of 0.2X SSC (which 
is 3 mol/L of sodium chloride and 0.3 mol/ 
L of sodium citrate, pH 7) and 0.2% sodium 
dodecyl sulfate. Membranes were then al- 
lowed to dry. 


Autoradiography 


Membranes were wrapped in cellophane 
wrap and then loaded into the autoradiog- 
raphy device with one intensifying screen 
at —70°C with film (Kodak X-AR; Roches- 
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ter, NY). Development occurred for 2 hours 
to overnight. 


Positive Controls 


Positive controls were the HeLa cell line 
for HPV type 18” and the CaSki cell line for 
type 16” (American Type Culture Collec- 
tion, Rockville, Md). Both cell lines were 
derived from squamous carcinomas of the 
uterine cervix. The DNA in each control 
was extracted by boiling 10° cells. The CaSki 
DNA was diluted 1:100 before PCR was be- 
gun. Each positive control was run with 
both primers. Negative controls included 
paraffin sections of a seborrheic keratosis, 
nevus, melanoma, and conjunctival papil- 
loma prepared as described above for the 
test samples. 


RESULTS 
Light Microscopy 


Histologic examination of the eyelid 
margin tumors revealed proliferating 
squamous epithelial lesions forming 
lobules as well as keratin pearls (Figs 
1 and 2), typical of well-differentiated 


Arch Ophthalmol—Vol 107, November 1989 


Fig 1.—Top left, Clinical photograph of patient's original lesion. A large 
ulceration was present in the center of the right lower eyelid, involving 
the skin and eyelid margin, with loss of lashes. Purulent material drained + 
from the surface of the lesion. Elsewhere, the patient had numerous 
pigmented areas suggesting extensive solar exposure. Top right and 
bottom, Histopathologic features of the original lesion disclose neoplas- 
tic cells extending from surface epithelium into the deep connective tis- 
sue. The tumor infiltrated in the form of individual cells and small nests 
(large arrows). Nests extended to involve the orbicularis muscle (small 
arrows) (hematoxylin-eosin, X 157 [top right]; X393 [bottom]). 









squamous carcinoma. The diagnosis of 
each control specimen was confirmed. 


PCR 


The test specimen run with primer 
complementary to the E6 open reading 
frame of HPV type 16 yielded a single 
band of amplified DNA product on 
agarose gel electrophoresis of 119 base 
pairs. Dot blot analysis of the product 
was positive with the HPV type 16 
probes (Fig 3). No product was gener- 
ated in the reaction using type 18 
primer. The positive CaSki and HeLa 
controls yielded positive results on dot 
blot analysis with the HPV type 16 and 
18 probes only, respectively. The con- 
junctival papilloma, nevus, melanoma, 
and seborrheic keratosis had no reac- 
tion product by agarose gel electro- 
phoresis and all were negative with 
both HPV type 16 and HPV type 18 
probes (blots not shown; dot blots con- 
tained a single dot of positive signal for 
the appropriate positive control). 
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Fig 2.—Histopathologic features of the patient’s recurrent lesions. Left, Photomicrograph of hyperkeratotic skin with a dis- 
organized dermal proliferation of enlarged, atypical squamous cells diagnostic of infiltrating squamous carcinoma. Right, 
Well-differentiated squamous cells with pearl formation (arrow) in the dermis. There was an associated lymphocytic response 
F (hematoxyin-eosin, X126 [left]; X510 [right]). 
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Fig 3.—Dot biot autoradiograph including the patient's specimen. Samples were polymerase chain 
reaction (PCR) products from reactions primed with 20 base pair oligomers to a portion of the E6 
open reading frame offHPV 16 and run for 25 cycles. Variations in intensity of signal among sam- 
ples reflect variations n copy number in the original sample subjected to the PCR. After dot blot- 
ting, DNA was transferred to nylon membranes and hybridized with a 40 base pair probe to a por- 
tion of the E6 open reading frame of HPV 16. 1A indicates patient's sample; 1B and 2A, HeLa con- 
trol (same concentration); and 2B, CaSki control. There is signal for the sample and for the CaSki 
contrel, but the HeLa controls are negative (autoradiograph). 


COMMENT 
We have identified HPV type 16 
DNA sequences in paraffin-embedded 
tissue from a recurrent squamous car- 
cinoma of the eyeid of a 37-year-old 
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woman. Use of the PCR technique has 
also allowed us to demonstrate HPV 
DNA in association with preinvasive 
and invasive squamous disease of the 
conjunctiva.” Human papillomavirus 


type 16 was not present in benign 
squamous or melanocytic lesions or in 
another nonsquamous malignant neo- 
plasm, a melanoma. The same HPV 
type is associated with the majority of 
uterine cervical malignant neoplasms, 
in which it integrates into the human 
genome and is thought to play a major 
role in causing such neoplasms.”*?! 
Thus, HPV type 16 may be important 
in the pathogenesis of squamous ma- 
lignant neoplasms that are of particu- 


lar relevance to the ophthalmologist— ` 


the conjunctiva, cornea, and skin of the 
eyelid. 

Human papillomavirus DNA has 
previously been reported in cutaneous 
malignant neoplasms in the setting of 
epidermodysplasia verruciformis, a 
rare skin disease characterized by dis- 
seminated, refractory, pityriasis ver- 
sicolorlike lesions as well as flat wart- 
like lesions; appreximately 30% of 
affected individuals develop skin carci- 
nomas.” In this disarder, which may be 
associated with immunodeficiency, 
HPV type 5 DNA sequences have been 
isolated in squameus carcinomas of 
the skin. Lutzner et al described an 
immunosuppressed renal allograft re- 
cipient who had HPV type 5 DNA in 
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two separate squamous carcinomas of 
the skin. Reports of HPV type 16- 
associated cutaneous squamous carci- 
noma occurring in patients who, like 
our patient, were not immunosup- 
pressed are rare. One report was of a 
36-year-old black man with bilateral 
in situ squamous carcinomas of the 
feet; HPV 16 DNA, the same type as in 
our patient, was identified in the le- 
sions from this patient.” In a series of 
patients with periungual squamous 
carcinoma, 6 of 10 patients had demon- 
strable HPV type 16 DNA present. 
Two other patients had HPV-related 
DNA present in their tumors. None of 
the patients was immunocompro- 
mised.” 

Until a large number of eyelid le- 
sions are examined for HPV DNA, we 
cannot make statements regarding the 
prevalence of HPV involvement in cu- 
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taneous eyelid carcinomas. 

The presence of HPV in dysplasias 
has potential treatment implications. 
As in the female genital tract, identi- 
fication of HPV 16 in an in situ process 
may alert the clinician to the possibil- 
ity of future invasive disease if the le- 
sion is not adequately treated.’ In ad- 
dition, it may be that preoperative 
therapies such as recombinant inter- 
feron alfa, which is used to shrink 
HPV-related laryngeal papillomas,* 
may be of help in reducing the size of 
large squamous carcinomas of the eye- 
lids, such as in our patient, and permit 
tissue-sparing excisions. Human pap- 
illomavirus infection can be spread; 
because of the possibility that infec- 
tious virus particles could be present in 
cutaneous lesions on the eyelid or in 
conjunctival lesions, it seems prudent 
for the ophthalmologist to exercise 
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precautions while examining the pa- 
tient and handling the excised biopsy 
specimen. 

The finding of HPV in an invasive 
squamous lesion of the eyelid further 
expands the spectrum of human dis- ` 
ease related to HPV. Additional stud- 
ies are required to determine the exact 
relationship between HPV and malig- 
nant neoplasms of the human eyelid 
and conjunctiva. There is currently an 
epidemic of HPV-related sexually 
transmitted disease affecting over 12 
million Americans.” We have shown 
herein and elsewhere that HPV has 
the capability of involving ocular and 
periocular tissues.” Further elucida- 
tion of the role of HPV in ocular 
disease may assist in prevention or 
treatment of HPV-associated ocular- 
disease, should the virus fulfill its po- 
tential for spread to the eye. 
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Eye Involvement in Junctional Epidermolysis Bullosa 


Peter J. McDonnell, FRCS; Olivia M. V. Schofield, MRCP; David J. Spalton, FRCS; Robin A. J. Eady, FRCP 


@ The ocular findings in a group of five 
patients with the nonlethal form of junc- 
tional epidermolysis bullosa are pre- 
sented. A histery of recurrent corneal ero- 
sion anc the presence of corneal scarring 
were the mos! common findings. We dis- 
cuss the possible mechanisms of the 
ocular changes anc describe how the re- 
cent application of monoclonal antibody 
probes to components of the basement 
membrane arethelping to elucidate the ba- 
sic defect in this condition. 

(Arch OpFthalmol. 1989: 107:1635- 


t1637) 


fride molgsis Sullosa is the term 
used for a group of rare hereditary 
skin diseases thatare all characterized 
by a tendency to form blisters after 
minor degrees of trauma.' There are 
three main types of the disease, re- 
flecting three different sites of cleav- 
age in the skin. Enidermolysis bullosa 
simplex is inherised as an autosomal 
dominant trait, and the split occurs in 
the basal layer of eells in the epidermis 
(Fig 1). Juncsional epidermolysis bul- 
losa is inherited as a recessive trait, 
and the split occurs at the level of the 
lamina |ueida of the epidermal base- 
ment membrane. Dystrophic epider- 
molysis bullosa may be inherited in ej- 
ther a dominant er recessive manner, 
and the-split eccurs in the sublamina 
densa zone of the epidermal basement 
membrane. 

Junctional epidermolysis bullosa is 
probably the rarest type of epidermol- 
ysis bullosa, and the few cases re- 
ported may be divided into two main 
groups: the Herlitz (lethal) type,’ in 
whieh the infant usually dies at birth 
or soon after with severe blistering, 
- andthe nonlethal zype that usually has 
` less severe blistering and a normal life 
span. At the moment five clinical vari- 
ants of this nenlethal group are recog- 
nized, depending an the pattern of in- 
volvement. These are termed general- 
ized atrophic benign, inverse,’ 
localized,’ progressive, and scarring’, 
all variants have blistering and nail 
dystrephy. The generalized atrophic 
benign variant presents with a gener- 
alized blistering tendency from birth. 
_ 4° Gb SE 1) ee eee 
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‘There may be extensive erosions that 


are slow to heal and can result in atro- 
phy. There is variable hair and nail 
loss. The localized variant presents 
with recurrent blistering limited to a 
few sites, such as the lower legs. The 
hands and feet may be involved and the 
nails are usually involved. The scar- 
ring variant presents with generalized 
scarring that is worst on the hands and 
feet; when the blisters heal there is 
scarring that may result in syndacty- 
ly. There is also usually hair and nail 
loss. The inverse variant starts with 
generalized blistering, but in later life 
the lesions are mainly limited to the 
major flexures and buttocks. The pro- 
gressive variant presents about the 
ages of 5 to 8 years, with nail dys- 
trophy; then blistering of the hands 
and feet develops, often resulting in 
atrophy. 

All the variants of nonlethal junc- 
tional epidermolysis bullosa may have 
noncutaneous problems that include 
abnormal teeth and involvement of 
mucosa at a number of sites, such as 
the mouth, esophagus, nose, vagina, 
and anus.*” 

Ocular problems have been de- 
scribed in all types of epidermolysis 
bullosa but are most common in dys- 
trophic epidermolysis bullosa. To our 
knowledge, there are only two reports 
in the ophthalmic literature describ- 
ing eye changes in junctional epider- 
molysis bullosa: one describes the 
postmortem findings in an infant with 
Herlitz (lethal) junctional epidermol- 
ysis bullosa, and the other is a case 
report of a patient with nonlethal 
junctional epidermolysis bullosa.'! We 
present herein the clinical findings ina 
series of patients with nonlethal junc- 
tional epidermolysis bullosa. 


PATIENTS AND METHODS 


Five patients with the nonlethal type of 
junctional epidermolysis bullosa who were 
under the care of the Institute of Derma- 
tology, London, England, were reviewed in 
the Eye Department at St Thomas’ Hospi- 
tal. Diagnosis was based on clinical, ge- 
netic, electron microscopic, and immuno- 
histochemical findings. All patients gave a 
history of developing blisters and/or ero- 
sions after minor degrees of trauma. All 
had evidence of blistering and atrophy in 
the skin with or without hair and nail 
changes at the time of the examination. 
Electron microscopy confirmed the diagno- 
sis of junctional epidermolysis bullosa by 
demonstrating a cleavage plane at the level 
of the lamina lucida of the epidermal base- 
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ment membrane. The dermatological find- 
ings in three of these patients have been 
previously reported: patient 1,’° patient 4,” 
and patient 5" (Table). 

Their mean age was 39.4 years, with a 
range of 22 to 66 years. There were three 
male and two female patients. All patients 
had a full ophthalmic assessment, includ- 
ing slit-lamp examination and anterior seg- 
ment photography where appropriate. The 
results of the assessment were recorded on 
a special form that noted details of the de- 
gree of skin involvement, any noncutaneous 
findings, and the results of the eye exami- 
nation. 


RESULTS 


All five patients examined had signs 
of ocular involvement, but the two pa- 
tients who had the localized variant of 
junctional epidermolysis bullosa gave 
no history of eye problems (Table). The 
remaining three patients (two had the 
generalized atrophic benign variant 
and one, the inverse variant) gave very 
similar histories of recurrent episodes 
of a painful, red, watering eye. These 
episodes had started soon after birth 
and were particularly bad in childhood 
and adolescence. Patient 5, who was 
aged 66 years at the time of the exam- 
ination, had noted that the episodes of 
pain and watering had gradually di- 
minished by the age of 40 years and 
that she had had few problems with 
her eyes since then. The three patients 
with a history of recurrent corneal 
problems had received a variety of 
treatments over the years, including 
topical antibiotics and steroids and 
padding of the eye. 

Examination of the eyes revealed a 
number of abnormalities. Patients 2 
and 3, who were brothers, had sparse 
or totally absent lashes, but there ap- 
peared to be no particular scarring of 
the lid margin (Fig 2). The other pa- 
tients had normal lashes. Three of the 
five patients had very mild tethering of 
the conjunctiva in the region of the 
medial canthus, but there was no sym- 
blepharon. Three patients had a pan- 
nuslike broadening of the limbus, four 
had diffuse scarring of the superficial 
stroma of the cornea, and one also had 
an intact corneal epithelial bulla (Fig 
3). In only one patient was the corneal 
opacity severe enough to reduce visual 
acuity—this was in patient 2, whose 
best corrected visual acuity was 6/9 
OD and 6/12 OS. The four remaining 
patients had correeted visual acuities 
of 6/6 OU. 
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Fig 1.—Electron micrograph of the basement membrane zone in normal skin. The cleavage in 
junctional epidermolysis bullosa occurs at the level of the lamina lucida. B indicates basal epider- 
mal cell; D, dermis; h, hemidesmosome; a, anchoring fibrils; short arrow, lamina lucida; and long 
arrow, lamina densa (bar = 0.5 um). 





Fig 2.—Almost total absence of eyelashes in patients 2 and 3. 






Summary of Patient Data 






History 

























Patient No./ of Eye Signs of Eye 
Age, y/Sex Problems * Involvement Clinical Variant 
1/55/M = Conjunctival tethering at the medial Localized 






canthus 








2/29/M Absent lashes, broadening of the limbus, 


corneal scarring, epithelial bulla 
Absent lashes, broadening of the limbus, 
corneal scarring 
Conjunctival tethering, broadening of the 
limbus, corneal scarring 


Generalized atrophic 
benign 















3/22/M + Generalized atrophic 


benign 
Localized 

























4/25/F a 











5/66/F - 


* Minus sign indicates negative; plus sign, positive. 


Conjunctival tethering, corneal scarring Inverse 
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COMMENT 


As junctional epidermolysis bullosa 
is one of the rarest types of epidermol- 
ysis bullosa, there are few reports of 
the eye findings in the ophthalmic lit- 
erature. A report in 1975! described 
the postmortem changes found in the 
eyes of an infant who died with the le- 
thal type of junctional epidermolysis 
bullosa. There were few anterior seg- 
ment abnormalities apart from some 
mild edema of the conjunctival and 
corneal epithelium seen on light mi- 
croscopy. The only report in the oph- 
thalmic literature of the eye findings in 
a patient with nonlethal junctional 
epidermolysis bullosa was published in 
1984."' This describes the 10-year fol- 
low-up of a young male patient who 


had repeated episodes of recurrent- 


erosions affecting both eyes. At the end 
of the follow-up period, one eye had 
fine superficial corneal stromal opaci- 
ties. The eyelids were apparently nor- 
mal, and there were no conjunctival 
bullae and no symblepharon. In the 
dermatological literature there has 
been a recent short report of the eye 
findings in different types of epider- 
molysis bullosa.'® This included an ac- 
count of five patients with the gener- 
alized atrophic benign variant of the 
nonlethal type of junctional epider- 
molysis bullosa. Four of the five pa- 
tients had a history of recurrent cor- 
neal erosions; in one of these patients, 
anterior corneal scarring had caused a 
reduction in visual acuity. The find- 
ings in our series of five patients have 
some similarities to previous reports. 
A history of quite severe problems 
with recurrent corneal erosions was 
found in three of our patients, and this 
seems to be a strong feature of the 
previous reports. One of the four pa- 
tients who had superficial corneal 
scarring gave no history of recurrent 
erosion, suggesting that some corneal 
changes can occur without a symptom- 
atic break in the epithelium. Two of the 
patients had sparse or absent eye- 
lashes without any scarring of the lid 
margin—variable loss of body hair is 
one of the recognized dermatological 
features of nonlethal junctional epi- 
dermolysis bullosa. Three of our pa- 
tients had a pannuslike broadening of 
the limbus, again, a feature that was 
not described in previous reports. 
Three patients had very mild conjunc- 
tival scarring in the region of the me- 
dial canthus, but there was no marked 
conjunctival scarring or symble- 
pharon formation. This absence of sig- 
nificant conjunctival involvement was 
noted in the other reports. 

Although the small number of pa- 
tients described in the literature, and 
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Fig 2.—Diffuse scarring of the superficial corneal stroma with an intact epithelial bulla visible 


(arrow). 


reviewec in this article, precludes any 
statistical analys:s, it is possible to 
gain a clinical impression of the com- 
mon features of eye involvement in 
junctional epidermolysis bullosa, and 
it is interesting te compare these fea- 
tures with the clmical picture previ- 
ously described in the more common 
dystrephic epidermolysis bullosa. The 
patients with junctional epidermolysis 
bullosa seem to have a high incidence 
of corneal problems (10 of a total of 12 
patients in the literature) but with 
relatively little conjunctival involve- 
ment. In contrast. patients with dys- 
trophic epidermolysis bullosa seem to 
have a lower incidence of corneal prob- 
lems (7 of 17 patients in our recent 
series'’), but more frequent and more 
marked conjunctival scarring, includ- 
ing symblepharon formation. Both 
types of epidermolysis bullosa have 
limba! broadening as a common fea- 
ture. 

The underlying mechanism of the 
ocular changes seen in junctional epi- 
dermolysis bullosa may be related to 
the effect of normal mild mechanical 
stresses on the abnormal basement 
membrane of the corneal and conjunc- 
tival epithelium These continual 
stresses result frem movement of the 
globe and from the effect of lid move- 
ment on the cornea during blinking. 

Te our knowledge there have been no 
published histologic studies of cornea 
or conjunctiva from a patient with 
nonlethal junctional epidermolysis 
bullosa, but there have been extensive 
studies of the skin. Electron micro- 
scopic studies have revealed that the 
skin of patients with junctional epi- 
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dermolysis bullosa shows a cleavage at 
the level of the lamina lucida and a 
tendency to have fewer hemidesmo- 
somes than normal.'* More recently 
the application of antibody probes to 
components of the normal epidermal 
basement membrane has allowed fur- 
ther refinement in the search for the 
basic molecular defect in the various 
types of epidermolysis bullosa.’ In 
junctional epidermolysis bullosa two 
antibodies have been used: the rabbit 
polyclonal antibody AA3 and the mu- 
rine monoclonal antibody GB3, both of 
which react with components in the 
region of the lamina lucida in the nor- 
mal epidermal basement membrane 
and give an intense linear staining. 
Preliminary characterization shows 
AA3 to recognize a 37-kd protein” and 
GB3 a 600-kd protein.” In contrast, bi- 
opsies of skin samples from patients 
with junctional epidermolysis bullosa 
show variable or absent staining with 
these antibody probes, which suggests 
that the basic defect lies in the region 
of the lamina lucida of the epidermal 
basement membrane.*'” 

However, antibody studies on con- 
junctiva and cornea of patients with 
junctional epidermolysis bullosa have 
yet to be performed. 

In conclusion, to our knowledge we 
report the first detailed account of the 
ocular findings in a group of patients 
with the nonlethal form of junctional 
epidermolysis bullosa. The majority of 
our patients had corneal problems, but 
conjunctival involvement was mini- 
mal. Recent advances in the use of an- 
tibody probes to examine the epider- 
mal basement membrane in these 
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patients may help elucidate the under- 
lying molecular defect. 
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è A 55-year-old woman with chronic re- 
nal failure treated with hemodialysis had 
severe bilateral visual loss develop due to 
retinalischemia. Ophthalmoscopy showed 
crystals in the distribution of the retinal 
arteries, but not veins, and this led to a di- 
agnosis of systemic oxalosis. Factors con- 
tributing to systemic oxalosis in addition 
to renal failure were ascorbic acid dietary 
supplementation, pyridoxine deficiency, 
and ileal resection. Histopathologic find- 
ings showed ocular calcium oxalate depo- 
sition limited nearly entirely to the walls of 
retinal blood vessels. 

(Arch Ophthalmol. 
1643) 


1989; 107:1638- 


(Calcium oxalate crystals rarely have 

been observed in the retina. The 
most common cause is hereditary hy- 
peroxaluria, but of more than 100 re- 
ported cases of hyperoxaluria, only 15 
note crystalline deposits in the retina] 
pigment epithelium and/or retina. 
Secondary calcium oxalate retinopa- 
thy has been reported after prolonged 
methoxyflurane anesthesia! and 
methoxyflurane abuse." Other second- 
ary causes of systemic oxalosis are di- 
etary excess,” ethylene glycol 
toxicity, xylitol toxicity,” ascorbic 
acid administration in chronic renal 
failure’ (or rarely with normal renal 
function”), pyridoxine deficiency,” 
increased intestinal absorption asso- 
ciated with fat malabsorption,” and 
chronic renal failure treated by 
dialysis.% 
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Although many reported cases of 
oxalate retinopathy have not de- 
scribed visual loss, progressive visual 
deterioration due to subretinal 
pigmentary proliferation,” optic 
atrophy," vitreous hemorrhage, trac- 
tion retinal detachment, and neovas- 
cular glaucoma‘ has been observed in 
long-standing hereditary hyperox- 
aluria. 


REPORT OF A CASE 


A 55-year-old woman presented in 1987 
for evaluation of progressive visual failure 
in both eyes. A kidney transplant from a 
related donor had been performed in 1971 
because of renal failure secondary to 
chronic pyelonephritis. Histopathologic ex- 
amination of the host kidney confirmed the 
clinical diagnosis. Cataract extraction was 
performed on both eyes in 1971; at that 
time, the ocular fundi were normal. In 1982, 
the donor kidney failed and renal dialysis 
was resumed. 

A cadaver kidney transplant was per- 
formed in 1983. The operation was compli- 
cated by sigmoid colon perforation that re- 
quired a loop colostomy. Further complica- 
tions led to small-bowel resection that 
included 12 em of ileum, subtotal colectomy, 
and ileoproctostomy. Ascorbie acid (1500 
mg daily) was prescribed to promote heal- 
ing of an abdominal wound dehiscence. The 
donor kidney was rejected and twice-week- 
ly hemodialysis was resumed in 1984. 

When the patient was first examined by 
us in 1987, best corrected visual acuity was 
20/100 OD and 20/400 OS. Both eyes were 
surgically aphakic with large posterior cap- 
sulotomies. 

Ophthalmoscopy showed prominent rect- 
angular yellow-white crystalline deposits 
in the middle and inner layers of the retina, 
distributed preferentially along retinal ar- 
teries in both eyes. (Color Fig 1). The reti- 
nal arterioles were markedly attenuated 
and scattered nerve fiber layer infarcts 
were present. Marked retinal thickening 
and mild retinal opacificatien were present 
in both: eyes. Fluorescein angiography 
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showed severe retinal capillary nonperfu- 
sion and diffuse dye leakage (Fig 1). 

Four months later, the patient was ad- 
mitted to the University of Washington 
Hospital, Seattle, because of confusion and 
headaches. Visual acuity was reduced to 
20/400 OD and hand movements in the left 
eye. Findings from examination of the right 
eye were unchanged. The left eye showed 
diffuse corneal edema, 360° peripheral an- 
terior synechiae, rubeosis iridis, hyphema, 
and an intraocular pressure of 62 mm Hg. 

Medications being taken were methyl- 


prednisolone, 5 mg daily; trimethoprim (80 . 


mg)-sulfamethoxazole (400-mg) tablet, 
twice daily; folate sodium, 1 mg daily; cal- 
cium carbonate, 3 g daily; and aluminum 
hydroxide gel, 600 mg three times daily. 
Unknown to her physicians, the patient also 
had continued to take ascorbic acid, 1500 mg 
daily, which she had been taking since 1984. 

General physical examination showed bi- 
lateral enlargement of the proximal and 
distal interphalangeal joints. Roentgeno- 
grams of the hand demonstrated soft-tissue 
calcification in the periarticular areas with 
chondrocalcinosis of the metacarpal-pha- 
langeal joints and erosion of the metacar- 
pophalangeal and proximal interpha- 
langeal joints. Aspiration of the proximal 
interphalangeal joint demonstrated bire- 
fringent positive crystals, which is consis- 
tent with calcium oxalate arthritis. 

The hematocrit was 0.21, blood calcium 
level was 2.44 mmol/L, and phosphate level 
was 2.07 mmol/L. The serum ascorbate 
level was 30 umol/L (normal, 20 to 80 
umol/L); the pyridoxine level was 1.84 ac- 
tivity coefficient units (normal, 1 to 1.8 ac- 
tivity coefficient units; values above 1.8 ac- 
tivity coefficient units are deficient). A 
plasma oxalate level of 10.9 mg/L was mea- 
sured by gas-liquid chromatography-mass 
spectroscopy (normal, 0.15 to 0.35 mg/L). 

A diagnosis of generalized oxalosis was 
made. Ascorbic acid treatment was discon- 
tinued, pyridoxine hydrochloride supple- 
mentation of 50 mg four times daily was 
prescribed, a low oxalate diet was begun, 
and hemodialysis was provided four times 
weekly. 
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Color Fig 1.—Left, Right eye. The arteries are obscured by extensive periarterial crystalline deposits and the veins are 
easily seen. The macula shows extensive crystal deposition and ill-defined, deep retinal hemorrhage inferior to the ovea. 
The crystals are less apparent peripherally. Right, Left eye. Crystal deposition is more extensive than in the righ eye Sev- 
eral intraretinal hemorrhages are apparent; venous caliber is slightly irregular. The optic disc is pale. The macula is opa- 
cified, a>scuring pigment epithelial details, and xanthophyll pigment is abnormally prominent. 


Color Fig 2.—Gross appearance of fixed right eye Not the prominent 
white crystalline deposits along the arteries. Photocoagulation scars are 
visible outside the macula. 





Color Fig 3.—Left, Left eye. Crossed polarizing filters. Birefringent crystals are apparent in the inner retina but notin the 
outer retinal pigment epithelium, choroid, or sclera (hematoxylin-eosin, original magnification X25). Right, Left eye. A 
prominent collection of crystals is present in a thick, hyalinized retinal arterial wall. The ganglion cells are absent and the 
nerve fiber layer is gliotic. Photocoagulation scars are visible in the retinal pigment epithelium and outer retina. 4 thin 
epiretinal membrane is present (hematoxylin-eosin, original magnification X 100). 
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The left eye was treated with 0.5% 
timolol maleate and acetazolamide was 
given systemically, with reduction in in- 
traocular pressure to 23 mm Hg. Panretinal 
photocoagulation was applied to the left eye 
using an argon blue-green laser (1570 
burns, 500-um spot size). Total regression of 
the iris neovascularization was observed. 
Acetazolamide therapy was discontinued 
because of intolerable side effects, and tra- 
beculectomy was performed when the in- 
traocular pressure of the left eye again be- 
came elevated. 

Because of severe retinal ischemia dem- 
onstrated by fluorescein angiography, pro- 
phylactic panretinal photocoagulation was 
applied to the right eye (870 burns, 500-um 
spot size, argon blue-green laser). The pa- 
tient returned 6 weeks later with symptoms 
related to a cerebral infarct and died of as- 
piration pneumonia and gastrointestinal 
bleeding. Permission for autopsy was ob- 
tained. ?’ 


PATHOLOGIC FINDINGS 
Both eyes were fixed by injection 
through the pars plana of Yanof?’s so- 
lution (0.5% glutaraldehyde and form- 
aldehyde solution in 0.1 mol/L of phos- 
phate buffer),?’ followed by enucle- 


ation and immersion in Yanoff’s 
solution. Gross examination of both 
eyes showed periarterial deposition of 
yellow-white crystals extending ante- 
riorly to the equator (Color Fig 2). 
Photocoagulation scars were present 
from the vascular arcades to the far 
periphery. The left eye showed exten- 
sive anterior synechiae, vitreous hem- 
orrhage, and optic nerve head cupping. 
The eyes were processed for light 
and transmission electron microscopy. 
Sections embedded in paraffin were 
stained with hematoxylin-eosin, peri- 
odic acid-Schiff, or the Pizzolato’s sil- 
ver nitrate hydrogen peroxide stain for 
calcium oxalate. Semithin (1-um) ep- 
oxy-embedded specimens were stained 
with Richardson’s methylene blue- 
azure I] mixture and examined by light 
microscopy. Thin (100-nm) epoxy sec- 
tions were stained with uranyl ace- 
tate-lead citrate and examined with a 
transmission electron microscope. 
Microscopic sections of both eyes 
showed birefringent angular crystals 
localized in the walls of the larger ret- 
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Fig 1.—Top left, Left eye. Arteriovenous phase fiuorescein angiogram 
demonstrates diffuse capillary leakage in the macula and extensive pe- 
ripheral capillary nonperfusion extending into the temporal macula. 
Pointlike hyperfluorescence associated with microaneurysms is appar- 
ent superotemporal to the macula. The crystals do not obscure arterial 
dye. Note the absence of pigment epithelial windew defects in the tem- 
poral area of capillary nonperfusion. Top right, Left eye. Late angiogram 
shows extensive accumulation of dye in the macula. Bottom, Right eye. 
Late angiogram is remarkable for macular leakage and peripheral 
microaneurysms. Capillary nonperfusion is less apparent in this eye. 


inal vessels; many of the smaller ves- 
sels were totally occluded (Color Fig 3). 
No crystals were seen in the photore- 
ceptor layer, choroid, ciliary body, 
sclera, or conjunctiva. In the left eye 
only, crystals occasionally could be 
seen within the retinal pigment epi- 
thelium and in clumps between 
thinned retinal pigment epithelium 
and Bruch’s membrane. The right op- 
tic nerve head was flattened and the 
ganglion cells were reduced in number. 
The left optic nerve head was deeply 
cupped and ganglion cells were absent. 

Light microscopy of l-um sections 
and transmission electron microscopy 
confirmed that most retinal blood ves- 
sels were occluded by dense crystalline 
material (Figs 2 and 3) and lacked an 
endothelium. Hypertrophied glial fi- 
bers separated most crystalline depos- 
its from the neural elements of the 
retina. Neurons and glia were pale and 
swollen. By both light and electron 
microscopy, many of the crystals ex- 
hibited a concentrically laminated, on- 
ionskin pattern. Examination of other 
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Fig 2 —Lefteye A transmission electron mi- 
crograpn shows. occlusion of a retinal blood 
vessel lumen by dense crystalline material 
(asterisk), seme of which has been extracted 
as spicules »y processing. Long, thin crystals 
packed into ‘he strata produce onionskin lay- 
ering {arrow~). The endothelium of this vessel 
iS NO longer Dres=nt and the layers of crystal- 
line material are surrounded by hypertrophic 
glial fibers (C) (original magnification 5000). 


tissues showed prominent calcium ox- 
alate ceposi-ion within the intersti- 
tium of the myocardium, the intersti- 
tium and tubules of the donor kidney, 
the thyroid, and focally within the 


lung. 
COMMENT 


Oxalic acl is the metabolic end 
preduct of several amino acids and of 
aseorbic acic. The calcium salt is in- 
soluble in water and precipitates in 
tissue if excessive plasma levels are 
present. Measurement of serum levels 
is difficult and anstandardized, with 
reported normal levels varying by a 
facter ef 30.7 Consequently, diagnosis 
of oxalate overlead has relied on uri- 
nary excretien patterns or identifica- 
tion of calcium oxalate crystals in tis- 
sue. 

Systemic |- vels reflect a balance be- 
tween absorption occurring in the co- 
lon, encogeneus biosynthesis from gly- 
oxylic acid ard ascorbic acid, and renal 
excretion (the sole route of elimina- 
tion). Gut adsorption, usually mini- 
mal, becomes significant in fat malab- 
sorption syrdromes,” including the 
shortened bosvel syndrome. 

Endogenous biosynthesis is ex- 
tremely high in patients with heredi- 
tary hypercxaluria. Although two 
types of hereditary hyperoxaluria are 
recognized, most recognized patients 
have type 1 wth glycolic aciduria. Only 
patients witt type 1 disease are symp- 
tomatic and at risk for the ocular 
involvement, which appears to be in- 
frequert.’ Tovur knowledge, the exact 
enzymatic defect is unknown. Ala- 
nine:glyoxylete aminotransferase is 
though: to b- deficient by some” and 
2-oxeglutara‘e:giyoxylate carboligase 
is thought te be deficient by others!’ 
(Fig 4). The aanme:glyoxylate amino- 


Fig3.—Left eye. Transmission electron micro- 
graph shows vessel filled with crystalline 
deposits. Note onmnskin layering (arrows). Al- 
though most ess=ls have lost their endotheli- 
um, an occasione! endothelial cell (E) with its 
associated b sement membrane (B) is found. 
N indicates swollen neuron (original magnifica- 
tion X5000). 
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Fig 4.—Human oxalate metabolism. 2-Oxoglutarate:glyoxalate carboligase (1) has a thiamine 
cofactor. Deficiency of this enzyme or cofactor would lead to increased glyoxylate levels, forcing 
increased oxalate synthesis. Alanine:glyoxylate aminotransferase (2) has a pyridoxine cofactor. 
Deficiency of either would lead to increased glyoxylate levels and increased oxalate synthesis. 
Some, but not all, ascorbic acid is metabolized via hydrolytic ring rupture to L-threonine acid (not 


shown) that is split to form oxalate. 


transferase has a pyridoxine cofactor, 
and pyridoxine deficiency leads to in- 
creased production of oxalate. Con- 
versely, supplementary pyridoxine 
lowers plasma oxalate levels in some 
patients with primary hyperoxaluria.*! 

Ascorbic acid metabolism produces 
30% to 50% of daily urinary oxalate.” 
Ascorbate levels increase with high- 
dose dietary supplementation in renal 
failure, leading to increased oxalate 
synthesis.” High-dose ascorbate sup- 
plements consequently are contraindi- 
cated in renal failure. Xylitol, ethylene 
glycol, and methoxyflurane are oxalate 
precursors and lead to oxalate deposi- 
tion when metabolized in sufficient 
amounts. 

Hemodialysis or peritoneal dial- 
ysis**** does not remove oxalate with 
the same efficiency as does the kidney 
in patients with chronic renal failure, 
and tissue deposition of oxalate has 
been observed commonly in such 
patients.**** Chronic renal failure was 
the primary cause of oxalosis in our 
patient. We are confident she did not 
have primary hyperoxaluria, based on 
histopathologic examination of her na- 
tive kidney and the extended function- 
ing of the renal allograft. Despite the 
fact that dialysis removes up to 50% of 
plasma oxalate, plasma oxalate levels 
are 3 to 10 times normal in patients 
undergoing hemodialysis three times 
weekly. Our patient underwent dialy- 
sis twice weekly, contributing further 
to the high oxalate levels. The small- 
bowel resection, pyridoxine deficiency, 
and ascorbic acid supplementation all 
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undoubtedly exacerbated the condi- 
tion, but their relative importance is 
difficult to assess. 

Early clinical reports of oxalate 
retinopathy emphasized localization 
of crystals at the level of the retinal 
pigment epithelium. These crystals led 
to a hyperpigmented central spot with 
surrounding hypopigmentation. In 
some cases, a macular plaque of hy- 
perplastic or hypertrophie pigment ep- 
ithelium developed and led to reduced 
vision. We did not observe the retinal 
pigment epithelial crystal-associated 
ring-shaped areas of hyperfluores- 
cence with central hypefluorescence 
noted by Meredith et al and Traboulsi 
et al." 

Recent reports have documented the 
striking inner retinal findings. The 
crystalline deposits have a character- 
istic periarterial location. Crystal dis- 
tribution differs in other crystalline 
retinopathies such as those associ- 
ated with tale,’ canthaxanthine,* 
cystinosis,” gyrate atrophy,” Bietti’s 
crystalline dystrophy,* Sjögren- 
Larsson syndrome,” tamoxifen,” and 
juxtafoveal telangiectasia type 3.“ 
However, the appearance of less ad- 
vanced oxalate retinopathy is uncer- 
tain; patients with unexplained 
crystalline retinopathy should be 
questioned about the risk factors for 
oxalosis described above. 

Fluorescein angiography docu- 
mented diffuse macular vascular leak- 
age with prominent late dye accumu- 
lation. This finding corresponds well 
with the prominent retinal thickening 
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noted clinically and was the major 
cause of visual loss in the right eye. To 
our knowledge, macular edema has not 
been mentioned in previous reports of 
oxalate retinopathy. 

Additionally, 
nonperfusion was present. This find- 
ing has been observed but has not been 
previously reported in detail." It is not 
surprising given the propensity for 
crystal deposition in vascular walls. 

Our histopathologic findings extend 
those of previous investigators. 
Meredith et al” reported vascular and 
perivascular crystal deposition in the 
inner retina but did not note the vas- 
cular occlusion noted in our patient 
that correlated with the extensive cap- 
illary nonperfusion noted clinically. 


Development of neovascular glaucoma _ 


was a predictable consequence of ex- 
tensive capillary nonperfusion and 
aphakia. The diffuse angiographic dye 
leakage and the clinically noted macu- 
lar thickening correspond to the ultra- 
structural observation of severe endo- 
thelial cell loss and retinal edema. We 
observed only rare crystals in the ret- 
inal pigment epithelium, and only in 
the more involved eye, in agreement 
with our clinical and angiographic ob- 
servations. We speculate that the ex- 
tensive metabolic derangements asso- 
ciated with chronic renal failure could 


extensive capillary 7 


account for the more marked vascular ~. 


abnormalities noted in our patient. 

We believe that our patient demon- 
strates a previously undescribed con- 
stellation of causes fer calcium oxalate 
retinopathy. Although hemodialysis 
was unavoidable, high-dose ascorbic 
acid supplementation, pyridoxine de- 
ficiency, and oxalate absorption from 
the bowel could have been altered eas- 
ily, perhaps avoiding or delaying de- 
velopment of calcium oxalate retinop- 
athy and severe visual loss. Ophthal- 
mologists observing retinal crystals 
should pursue a diagnosis of systemic 
oxalosis to institute prophylactic mea- 
sures promptly. 
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The New Math 


One school of thought considers Propine and pilocarpine 
to be equivalent in the ‘concomitant therapy’equation. They 
are anything but. 

Propine is nonmiotic. It will not cause the inconvenience 
frequently associated with miosis. 

And Propine’s b.i.d. dosage is simpler than the typical daily 
regimen of q.i.d. pilocarpine-which may help compliance. 

As might the C Cap Compliance Cap,” which sits 
atop every bottle. 

Propine or pilocarpine? Today's answer is clear. 


Propine™ (dipivefrin HC) 
ophthalmic solution, USP, 0.1% with 





T™ à oe 
C Cap™ Compliance Cap B.L.D. =s 
Note that Propine should not be used in patients with sowie A 
narrow angles or those hypersensitive to its components. Cas” 
Please see adjacent page for brief prescribing information. bart y es 
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PROPINE“(dipivefrin HC) 


ophthalmic solution, USP, 0.1% with 
C CAP™ Compliance Cap B.I.D. 


INDICATIONS: Propine (dipivefrin HCI) is indicated as initial 
therapy for the control of intraocular pressure in chronic open- 
angle glaucoma. Patients responding inadequately to other 
antiglaucoma therapy may respond to addition of Propine. In 
controlled and open-label studies of glaucoma, Propine 
demonstrated a statistically significant intraocular pressure- 
lowering effect. Patients using Propine twice daily in studies 
with mean durations of 76-146 days experienced mean pres- 
sure reductions ranging from 20-24%. Therapeutic response 
to Propine twice daily is somewhat less than 2% epinephrine 
twice daily. Controlled studies showed statistically significant 
differences in lowering of intraocular pressure between Propine 
and 2% epinephrine. In controlled studies in patients with a 
history of epinephrine intolerance, only 3% of patients treated 
with Propine exhibited intolerance, while 55% of those treated 
with epinephrine again developed intolerance. Therapeutic 
response to Propine twice daily therapy is comparable to 2% 
pilocarpine 4 times daily. In controlled clinical studies com- 
paring Propine and 2% pilocarpine, there were no statistically 
significant differences in the maintenance of IOP levels forthe 
two medications. Propine does not produce miosis or accom- 
modative spasm which cholinergic agents are known to 
produce. The blurred vision and night blindness often asso- 
ciated with miotic agents are not present with Propine therapy. 
Patients with cataracts avoid the inability to see around len- 
ticular opacities caused by constricted pupil. CONTRAINDICA- 
TIONS: Propine® should not be used in patients with narrow 
angles since any dilation of the pupil may predispose the patient 
to an attack of angle-closure glaucoma. This product is con- 
traindicated in patients who are hypersensitive to any of its com- 
ponents. PRECAUTIONS: Aphakic Patients. Macular edema has 
been shown to occur in up to 30% of aphakic patients treated 
with epinephrine. Discontinuation of epinephrine generally 
results in reversal of the maculopathy. Pregnancy: Pregnancy 
Category B. Reproduction studies have been performed in rats 
and rabbits at daily oral doses up to 10 mg/kg body weight 
(5 mg/kg in teratogenicity studies), and have revealed no 
evidence of impaired fertility or harm to the fetus due to 
dipivefrin HCI. There are, however, no adequate and well- 
controlled studies in pregnant women. Because animal 
reproduction studies are not always predictive of human 
response, this drug should be used during pregnancy only if 
clearly needed. Nursing Mothers. \t is not known whether this 
drug is excreted in human milk. Because many drugs are 
excreted in human milk, caution should be exercised when 
Propine is administered to a nursing woman. Usage in Children. 
Clinical studies for safety and efficacy in children have not been 
done.Animal Studies. Rabbit studies indicated a dose-related 
incidence of meibomian gland retention cysts following topical 
administration of both dipivefrin hydrochloride and epinephrine, 
ADVERSE REACTIONS: Cardiovascular Effects. Tachycardia, 
arrhythmias and hypertension have been reported with ocular 
administration of epinephrine. Local Effects. The most frequent 
side effects reported with Propine alone were injection in 6.5% 
of patients and burning and stinging in 6%. Follicular conjunc- 
tivitis, mydriasis and allergic reactions to Propine have been 
reported infrequently. Epinephrine therapy can lead to 
adrenochrome deposits in the conjunctiva and cornea. 


= ALLERGAN PHARMACEUTICALS 
A Division of Allergan, Inc. 
Irvine, CA 92713 
©1989 Allergan, Inc. 

















If you're looking for 
some good reading, 
you ve just found it. 
The free Consumer 
Information Catalog. 


The Catalog lists 
about 200 federal 
publications, many of 
them free. They can 
help you eat right, 
manage your 
money, stay healthy, 
plan your child's 
education, learn 
about federal benefits 
and more. 


SO sharpen your 
pencil. Write for the 
free Consumer 
Information Catalog. 
And get reading 
worth writing for. 


\ eal 
ee 





Consumer Information Center 
Department RW 
Pueblo, Colorado 81009 


A public service of this publication 
and the Consumer Information Center of the 
U.S. General Services Administration. 















7 
E 


e a 1 
w E toes FS 


aT 


epi 
yin tes Op 


oY 








he VOLK 78D BlO® Lens 


as valuable features that 
nake it something special! 


Simply insert the Volk Lid Lens Adapter 


High magnification into the lens retaining ring for improved 
lid control and lens stability. 


Optimum field of view 
Excellent working distance 
Available in Clear and Volk Yellow retina protector glass 


WOLK 78D Lid Lens Adapter minimizes lid movement 
and provides instant fundus viewing and lens stability 





Exclusive 


Manufacturer OK. OPTICAL / 7893 ENTERPRISE DRIVE, MENTOR, OHIO 44060 / (216) 942-6161 
MADE IN THE UNITED STATES OF AMERICA 


Laboratory Sciences 


* 


Expulsive Choroidal Hemorrhage in Rabbits 


A Histopathologic Study 


Craig F. Beyer, DO; Gholam A. Peyman, MD; James M. Hill, PhD 


è Expulsive hemorrhage is a cata- 
strophic complication of intraocular sur- 
gery that can result in total loss of vision. 
Suprachoroidal effusion and hemorrhage 
may precede the development of expul- 
sive hemorrhage; however, the relation- 
ship remains unclear. After sedation with 
intravenous pentobarbital sodium, 11 rab- 
bits were given lactated Ringer’s solution 
and heparin sodium intravenously. The 
right eyes were proptosed, and the central 
cornea, lens, and anterior vitreous were 
removed. After surgery, all 11 eyes (100%) 
developed choroidal effusion, choroidal 
hemorrhage, or expulsive hemorrhage. 
The rabbits were killed at various intervals 
after surgery so that the eyes could be 
enucleated and processed for light mi- 
croscopy. Histologic examination re- 
vealed four sequential stages of expulsive 
hemorrhage as follows: (1) There was en- 
gorgement of the choriocapillaris. (2) Su- 
prachoroidal effusion occurred mainly 
near the posterior pole. (3) As the effusion 
enlarged, stretching and tearing of chor- 
oidal vessels as well as tearing of the ves- 
sels and attachments at the base of the 
ciliary body occurred. (4) Massive extrava- 
sation of blood, primarily from the torn 
vessels at the ciliary body base, resulted in 
suprachoroidal hemorrhage and expulsion 
of blood through the surgical wound. This 
experimental model may provide new in- 
formation relating to the cause and pre- 
vention of expulsive choroidal hemor- 
rhage. 

(Arch Ophthalmol. 
1653) 


1989; 107: 1648- 


fy xpulsive choroidal hemorrhage is 

one of the most dramatic, cata- 
strophic complications of intraocular 
surgery. The term expulsive hemor- 
rhage was coined by Terson: in 1894 to 
describe the acute nature of a supra- 
choroidal hemorrhage that breaks 
through the choroid, expulses the in- 
traocular contents, and often results in 
total loss of vision. The reported inci- 
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dence of expulsive choroidal hemor- 
rhage ranges from 0.05% to 0.4%, with 
an average of 0.2% following cataract 
surgery.’ Expulsive hemorrhage has 
also been reported to follow glaucoma 
procedures,** vitreous surgery, trau- 
ma, penetrating keratoplasty,’ and 
corneal perforation due to an ulcer.‘ In 
a recent study of intraocular surgery 
in patients with glaucoma, the inci- 
dence of expulsive choroidal hemor- 
rhage was as high as 0.73%.’ 
Choroidal effusion and choroidal 
hemorrhage may be related to the de- 
velopment of expulsive hemorrhage.’ 
Choroidal effusion is characterized by 
a choroidal elevation that transillumi- 
nates. It has been associated with 
nanophthalmos,® ° Vogt-Koyanagi- 
Harada syndrome," posterior scleri- 
tis,’ panretinal photocoagulation," 
and nonpenetrating ocular trauma.” 
Also, choroidal effusion commonly oc- 
curs after intraocular surgery. Gen- 
erally, choroidal effusion subsides 
within 2 to 3 weeks and results in no 
substantial alteration in vision.® 
Choroidal hemorrhage is similar in 
appearance to choroidal effusion; how- 
ever, a choroidal hemorrhage is darker 
(almost black) and does not transillu- 
minate. Limited choreidal hemor- 
rhage has been reported to occur in 
3.1% of intracapsular cataract extrac- 
tions’® and in 2.2% of extracapsular 
extractions.” Preexisting glaucoma 
and hypertension*”'* are also associ- 
ated with intraoperative choroidal 
hemorrhage. Although choroidal hem- 
orrhage may persist for a month or 
longer after surgery, the visual out- 
come following limited choroidal hem- 
orrhage remains notably better than 
that after expulsive hemorrhage.’ 
The relationship between choroidal 
effusion, choroidal hemorrhage, and 
expulsive hemorrhage remains un- 
clear. Maumenee and Schwartz® de- 
scribed two patients in whom the 
drainage of clear suprachoroidal fluid 
preceded the exudation of dark supra- 
choroidal blood. They postulated that 
expulsive hemorrhage may begin as a 
choroidal effusion that becomes a hem- 
orrhage as the choroidal vessels are 
stretched and ruptured. Manschot!’ 
pointed out that glaucoma may lead to 
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vascular rupture by causing necrosis 
of the posterior ciliary arteries. In our 
investigation, a rabbit experimental 
model was used to determine the se- 
quence of histopathologic events that 
lead to expulsive hemorrhage. 


MATERIALS AND METHODS 


Eleven New Zealand white rabbits (2 te &- 


kg) were anesthetized with 15 mg/kg of in- 
tramuscular chlorpromazine hydrochloride 
(25 mg/mL); 15 to 20 minutes later, an intra- 
venous (IV) catheter was inserted into an 
ear vein so that 50 to 60 mg of pentobarbital 
sodium (6.5 mg/mL) and 10000 U of heparin 
sodium (10 mL) could be slowly adminis- 
tered. An IV infusion of lactated Ringer’s 
solution, 150 to 500 mL over 15 to 30 min- 
utes, was also given. Once the rabbits were 
deeply sedated, the right eyes were used to 
precipitate an expulsive hemorrhage. 

The right eyes were proptosed through a 
3- to 5-mm hole made through a latex strip, 
the central cornea was removed with an 
8.0-mm trephine, and the anterior lens cap- 
sule and vitreous face were torn with a cys- 
totome to allow extrusion of the nucleus 
and anterior vitreous. The left eyes in eight 
rabbits that did not undergo surgery served 
as controls. Four of the eight control eyes 
were proptosedthroughalatexstrip;theoth- 
er four control eyes were left undisturbed. 

After surgery, the fundi were observed 
through an operating microscope. The cho- 
roidal effusions in three rabbits were al- 
lowed to progress to expulsive hemorrhage 
before the rabbits were killed. To study the 
histopathologic sequence of events leading 
to expulsive hemorrhage, four rabbits were 
killed soon after developing choroidal effu- 
sions, and the four remaining rabbits were 
killed once choroidal hemorrhages ap- 
peared. All rabbits were killed with a lethal 
dose of IV pentobarbital sodium. The eyes 
were enucleated and processed for light 
microscopy. 


RESULTS 


The operative and histopathologic 
observations for all rabbits are sum- 
marized in the Table. In the three rab- 
bits (C82, F24, and F40) that were al- 
lowed to progress to expulsive hemor- 
rhage, choroidal effusion first began 
near the posterior pole within 5 to 15 
minutes after removing the cornea, 
lens, and anterior vitreous. As the 
choroidal effusion enlarged, small cho- 
roidal hemorrhages began along the 
posterior border of the ora serrata, and 
the iris vessels became engorged in the 


Expulsive Choroidal Hemorrhage—Beyer et al 


+ 


| Operative and Histopathologic Findings l 


Eyes Operated On* 


Rabbit 
No. Obeervations 


Histopathologic Features 
CE Large CE, scant blood, and congested CB 


Histopathologic Features 
of Control Eyes 


Not done 
Dilated choroidal vesselst 





* CE indicates choroidal effusion; CH, choroidal hemorrhage; CB, ciliary body; and EH expulsive hemorrhage. 
+Similar‘tolthe eves operated on, the control eyes were proptosed through a 3- to 5-mm hole made through 
a strip of latex. Allkother control eyes were left undisturbed before enucleation. 


quadrants involving the choroidal 
hemorrhages. The choroidal hemor- 
rhages enlarged ever 20 to 40 minutes 
until expulsiwe hemorrhage occurred 
(blood extruded from the corneal 
wound). On histopathologic examina- 
tion, moderate to massive amounts of 
suprachopoidel, subretinal, and pre- 
retinal bleod were present in all eyes. 
Ciliary bedy, choroidal, and retinal 
detachments were also seen histologi- 
cally in all cases. The suprachoroidal 
blood appeared te originate from torn 
ciliary body vessels. No torn posterior 
ciliary arteries were identified; how- 
ever, one of the eyes (F40) had torn 
choroidal vessels. 

In the four mabbits (92, C81, D10, and 
F62) that were killed immediately af- 
ter developing choroidal effusions, two 
of the eyes (081 and F62) also had 
small choroidal hemorrhages near the 
ora serrata. Ie these two eyes, the cho- 
roidal effusions began immediately be- 
fore the onset ef choroidal hemor- 
rhage. In all “our eyes, the choroidal 
effusions began near the posterior 
pole, and on hstologic examination, all 
four eyes were feund to have dilated 
choroidal vessels, choroidal detach- 
ment, and suprachoroidal effusion 
with minimal amounts of suprachor- 
oidal blood. Imaddition, one of the eyes 
(D10) had tora choroidal vessels. 

In the four additional rabbits (C85, 
C88, F5, and F39) that were killed af- 
ter the development of choroidal hem- 
orrhage, the amount of suprachoroidal 
hemorrhage was only slightly greater 
histologically than in the eyes with 
choroidal effusions. However, the de- 
gree of ciliary bedy vascular conges- 
tion and ciliary body detachment was 
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greater overall in the eyes that devel- 
oped choroidal hemorrhages than in 
the eyes that developed choroidal ef- 
fusions. 

After histologically reviewing the 11 
eyes that were operated on, we de- 
tected an orderly sequence of events 
that led to expulsive hemorrhage. 
First, choroidal vessels became mark- 
edly dilated on proptosing the eye 
(Fig 1). Second, once the cornea, lens, 
and anterior vitreous were removed, 
the choroidal vessels continued to en- 
large, and suprachoroidal transuda- 
tion of fluid (choroidal effusion) oc- 
curred. Third, as the choroidal effusion 
detached the choroid from the sclera, 
stretching of choroidal vascular at- 
tachments occurred (Fig 2) that re- 
sulted in tearing of the choroidal ves- 
sels (Fig 3). Fourth, as the choroidal 
effusion enlarged, detachment of the 
ciliary body (Fig 4, top) and tearing of 
the large, dilated ciliary body vessels 
(Fig 4, bottom) resulted in profuse 
bleeding into the suprachoroidal space 
(Fig 5). Finally, accumulation of blood 
into the suprachoroidal space resulted 
in expulsive hemorrhage (Fig 6, top 
and bottom). The sequence of events 
leading to expulsive hemorrhage in 
this model is depicted schematically in 
Fig 7. 


COMMENT 


Zauberman” found that with the 
closure of two or more vortex veins in 
rabbit eyes, the intraocular pressures 
rose and expulsive choroidal hemor- 
rhages appeared after limbal incisions 
were made into the anterior chamber. 
No attempts, however, were made to 
demonstrate the histopathologic me- 
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chanism that resulted in the expulsive 
choroidal hemorrhages. In our inves- 
tigation, rabbit eyes were proptosed 
through a hole in a latex strip. Prop- 
tosing the eyes presumably obstructed 
venous outflow through the vortex ves- 
sels and increased pressure within the 
choroidal vasculature. Our experimen- 
tal model slowed the development of 
choroidal hemorrhage and permitted a 
sequential histopathotogic study of the 
events leading te expulsive hemor- 
rhage. 

After receiving bloed from the pos- 
terior and anterior ciliary arteries, the 
choroid seems to act as a vascular bed 
where blood pools in the absence of in- 
traocular pressure. Intraocular pres- 
sure forces blood from the choroid into 
the draining vortex veins. As long as 
the intraocular pressure is slightly 
greater than the venous resistance to 
outflow, choroida! outflow is main- 
tained. However, if the intraocular 
pressure is no longer maintained (eg, 
during anterior segment surgery) min- 
imal venous impedance may allow 
fluid to accumulate within the choroi- 
dal vasculature, and, ultimately, allow 
the accumulation of fluid within the 
suprachoroidal space. 

Recently, Emi et al?’ measured the 
hydrostatic pressure of the supracho- 
roidal space in cynomolgus monkey 
eyes by direct cannulation and silicone 
sponge implantation. At an average 
intraocular pressure of 15 mm Hg, 
they found the suprachoroidal pres- 
sure, measured by direct cannulation, 
to be 3.7 mm Hg below the intraocular 
pressure. After the intraocular pres- 
sure was reduced to 5 mm Hg, the 
pressure difference between the in- 
traocular pressure and the suprachor- 
oidal pressure decreased significantly 
to 1.7 mm Hg. The authors concluded 
that a change in intraocular pressure 
affects the outflow of suprachoroidal 
fluid, and the pressure differential 
from the anterior chamber to the su- 
prachoroidal space is the driving force 
for uveoscleral outflow. 

In our experimental model, large 
choroidal effusions occurred only in 
eyes that underwent intraocular sur- 
gery. In control eyes that were simply 
proptosed, choroidal vascular engorge- 
ment occurred, but only minimal su- 
prachoroidal effusion developed 
(Fig 1). Presumably, this was because 
the intraocular pressure remained 
greater than the vartex vessel pressure 
(the intraocular pressure, measured 
with a portable, electronic tonometer 
[Tonopen], rose to 30 to 40 mm Hg). In 
the eyes that were operated on, hypot- 
ony may have caused the intraocular 
pressure to become lower than the 
vortex vessel pressure. As a result, the 
choroidal vessels became dilated and 
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Fig 1.—Early suprachoroidal effusion (SE). The choroidal (Ch) vessels 
are dilated (arrow), and SE is minimal. R indicates retina; CB, ciliary 
body; and Sc, sclera (proptotic left control eye C81; hematoxylin-eosin, 
original magnification X20). 
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Fig 2.—Suprachoroidal effusion (SE). The SE and choroidal (Ch) 
detachment are present. At one site, however, the choroid remains at- 
tached to the sclera (Sc) by a strand of connective tissue (arrow) that 
is placing tension on a dilated choroidal vessel (asterisk) (right eye op- 
erated on, C85; hematoxylin-eosin, original magnification X20). 


Fig 3.—Suprachoroidal effusion (SE) with torn choroidal vessels. The 
SE is admixed with suprachoroidal blood. The choroid (Ch) is detached 
and torn choroidal vessels are apparent (arrows). Sc indicates sclera 
(right eye operated on, D10; hematoxylin-eosin, original magnification 
X20). 


Fig 4.—Top, Suprachoroidal effusion (SE) with partial detachment of the 
ciliary body. The choroid (Ch) is detached and the choroidal vessels are 
massively engorged. There is a large SE that has resulted in partial de- 
tachment of the ciliary body (box). C indicates cornea, and O, optic nerve 
(right eye operated on, F5; hematoxylin-eosin, original magnification 
X 5). Bottom, Higher magnification of the ciliary body (CB) region in Fig 
4, top. The retina (R) is detached, and the CB and choroidal (Ch) ves- 
sels are engorged with blood (asterisk). A suprachoroidal effusion (SE) 
with a small amount of blood (B) has resulted in partial tearing and de- 
tachment of the highly vascular CB base (arrow). Sc indicates sclera 
(same eye as in Fig 4, top; hematoxylin-eosin, original magnification 
X20). 
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Fig 5—Suprechoroidal hemorrhage (SH). The ciliary body (CB) is almost ae > Fa = 
compietely detached, and there is a large SH. The red blood cells ap- 4 r fw, 
pear scant because they are admixed with fluid from the coexisting su- Be tn ee Be 


prachoroidal effusion. CH indicates choroid, and C, cornea (right eye 
operated an, F39; hematoxylin-eosin, original magnification X5). ash 
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Fig 6 —Tap, Expulsive hemorrhage. The ciliary body is completely detached (box). There is blood underlying the detached choroid (CH) and retina 
»(R). The retina is protruding through the corneal wound (C). O indicates optic nerve (right eye operated on, C82; hematoxy/in-eosin, original mag- 
nification X5). Bottom, Higher magnification of the ciliary body region in Fig 6, top. The retina (R), ciliary body (CB), and choroid (Ch) are detached. 
A large suprachoroidai hemorrhage (SH) originates from the torn ciliary body (arrow). The SH has broken through the choroid and retina. Sc indicates 
sclera (same eye as in Fig 6, top; hematoxylin-eosin, original magnification X 13). 


suprachoroidal effusion occurred. 

Several histopathologic studies on 
eyes with expulsive choroidal hemor- 
rhage from patients revealed ruptured 
necrotic posterior ciliary arteries.'*?!” 
Samuels” found ruptured necrotic pos- 
terior ciliary arteries in eight cases of 
posteperative choroidal hemorrhage. 
Since the eyes were not enucleated im- 
mediately following the hemorrhage, 
he thought that the observed arterio- 
lar degeneration was a result of the 
hemorrhage rather than its cause. 
Manschot* reported similar histologic 
findings in 10 cases of expulsive hem- 
orrhage. Several of the eyes were enu- 
cleated immediately after the expul- 
sive hemorrhage, and, therefore, Man- 
schot concluded that the hemorrhages 
originated from the ruptured necrotic 
posterior ciliary arteries. 

Mere recently, Wolter? described 
the histopathelogic features of an eye 
with expulsive hemorrhage in which a 
torn, long posterior ciliary artery was 
identified between its scleral exit and 
its attachment to the choroid. Also in 
this eye, the choroid was separated 
from the sclera by blood, the ciliary 
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body was luxated forward, and there 
was massive hemorrhage under the 
detached pars plana. The author con- 
cluded that the ruptured posterior cil- 
iary artery caused the expulsive hem- 
orrhage. 

Our experimental model of expul- 
sive hemorrhage used young, healthy 
rabbit eyes, which are quite different 
from older human eyes with arterio- 
sclerosis and glaucoma. Therefore, the 
mechanism of expulsive hemorrhage 
in this rabbit model may not pertain to 
patients in whom expulsive hemor- 
rhage presumably results from the 
rupture of a necrotic posterior ciliary 
artery. However, our experimental re- 
sults raise some important concerns. 
First, if one assumes that choroidal 
detachment tears posterior ciliary ar- 
teries, which then bleed extensively 
into the suprachoroidal space, patients 
with large choroidal effusions and pos- 
terior choroidal detachments would be 
expected to have a much higher inci- 
dence of suprachoroidal hemorrhage. 
In addition, the histopathologic find- 
ing of ciliary body detachment with 
massive hemorrhage under the de- 
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tached pars plana is not an atypical 
finding in many eases of expulsive 
hemorrhage. Therefore, even when 
torn posterior ciliary arteries can be 
identified, histopathologic features 
cannot always determine which ves- 
sels bled first or most extensively at 
the time of the expulsive hemorrhage. 

Although torn posterior ciliary ves- 
sels were not definitively identified in 
our experimental model, tearing of the 
posterior ciliary vessels probably oc- 
curred as the suprachoroidal effusion 
enlarged and detached the choroid 
from the sclera. Since suprachoroidal 
effusion was not associated with large 
amounts of supracnoroidal blood, we 
feel that in this model, tearing of the 
posterior ciliary arteries resulted in 
only minimal, low-pressure bleeding 
into the suprachoreidal space. Expul- 
sive hemorrhage occurred when the 
ciliary body detached and the ciliary 
body vessels were torn, which led to 
high-pressure bleeding into the supra- 
choroidal space that was not tampon- 
aded by overlying choroid and retina. 

On histopathologic examination, su- 
prachoroidal hemerrhage could be 
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Fig 7.— Schematic representation of the sequence of events 
leading to expulsive hemorrhage. Top left, The normal rabbit eye 
betore cornea, lens, and anterior vitrectomy. The choroidal and 
ciliary body vessels are nondilated. Top right, After the cornea, 
lens, and anterior vitreous are removed, hypotony causes the 
choroidal and ciliary body vessels to dilate, leading to supracho- 
roidal effusion. Center left, As the suprachoroidal effusion 
enlarges, there is stretching and tearing of choroidal vascular 
| attachments, resulting in limited suprachoroical hemorrhage. 
| Center right, Continued enlargement of the supsachoroidal effu- 
sion and hemorrhage leads to ciliary body detachment and tear- 
ing@of massively dilated ciliary body vessels. Bottem, Presumably, 
high-pressure bleeding from the torn ciliary body vessels results 
in expulsive hemorrhage. 
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seen orwinating from torn ciliary body 
vessels. Furthermore, as the choroidal 
hemerrhages developed intraopera- 
tively, the dark red choroidal eleva- 
tions were seen to originate from the 
area of the pars plana. Emi et al” 
found that the hydrostatic pressure in 
the supraciliary space (in cynomolgus 
monkeys) was significantly higher 
than the hydrostatic pressure in the 
posterier suprachoroidal space. Their 
findings may partially explain why ex- 
pulsive hemorrhage in our experiment 
seemed to result primarily from torn, 
dilated ciliary bedy vessels (anterior 
ciliary vessels) »leeding under high 
pressure into taesuprachoroidal space 
(Fig 6) and not from torn posterior cil- 
lary vessels. 

Glaucoma ard hypertension seem to 
increase the risk of choroidal hemor- 
rhage during amterior segment sur- 
gery.*”'’ Manschot" postulated that 
an increase im mtraocular pressure 
caused arteriolar collapse and acceler- 
ated degeneration of the vessel wall, 
predisposing the vessel to rupture. 
Since arteriosclerosis is frequently as- 
sociated with iyvertension and glau- 
coma, we believe that arteriosclerosis 
may increase the risk of intraoperative 
choroidal effusion, choroidal hemor- 
rhage, er expulsive hemorrhage by a 
mechanism similar to that of our ex- 
perimental mode. 

Arteriosclerasis narrows the vessel 
lumens and decreases blood flow into 
the eye. At the same time, venous sta- 
sis and partial »rcomplete thrombosis 
of veinsdrainirg the eye may occur due 
to decreased 5leod volume and de- 
creased rate ef flow. If the rate of 
aqueous production remains unaltered 
from arteriosclerosis, the resistance to 
aqueous outfiow would increase due to 
closure of venoussoutflow. Therefore, a 
subset of patiemtswith open angle glau- 
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coma may, in theory, have “thrombotic 
glaucoma” and represent a particular 
population at risk for the development 
of intraoperative choroidal effusion, 
choroidal hemorrhage, or expulsive 
hemorrhage. Further investigations 
are required to document this. 

Haynes et al” described a patient in 
whom bilateral choroidal hemorrhage 
developed during cataract surgery. 
The eyes were obtained post mortem 
for histopathologic study (6 years af- 
ter surgery in the right eye and 2 years 
after surgery in the left eye). In the 
right eye, a fresh choroidal hemor- 
rhage was present from the oraserrata 
to the equator inferiorly. In addition, a 
vortex vein that drained the area of the 
hemorrhagic choroid was partially oc- 
cluded by a recent thrombus. The au- 
thors postulated that this elderly pa- 
tient, who also had glaucoma, hyper- 
tension, and heart failure, experienced 
venous stasis during bed restriction, 
which brought on thrombus formation 
in a vortex vein and subsequent chor- 
oidal hemorrhage. By a mechanism 
similar to our model of expulsive hem- 
orrhage, this patient may have been 
predisposed to expulsive hemorrhage 
due to partially occluded vortex vessels 
and hypertension, which may have in- 
creased the resistance to venous out- 
flow, allowed fluid to accumulate in the 
suprachoroidal space, and, thus, pre- 
cipitated expulsive hemorrhage at the 
time of cataract surgery. 

If the mechanism of expulsive hem- 
orrhage in humans is at all similar to 
that of our experimental model, sev- 
eral factors may lead to this operative 
complication. For example, excessive 
retrobulbar anesthetic, retrobulbar 
hemorrhage, or excessive pressure on 
the globe during surgery may impede 
vortex venous outflow and lead to cho- 
roidal effusion and hemorrhage. Also, 
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prolonging the durazion of anterior 
segment surgery (hyvotony) may in- 
crease the risk of developing a poste- 
rior choroidal effusien that extends 
toward the ciliary hody and subse- 
quently tears the anterior ciliary ar- 
teries that bleed into zhe suprachoroi- 
dal space. In relative y long-standing 
hypotonous eyes witk choroidal effu- 
sion and dilated eiliary body vessels, 
instrumentation threugh the ciliary 
body may precipitate expulsive hem- 
orrhage by further detaching the cili- 
ary body. Finally, excessive tension on 
the zonular fibers dur ng cataract sur- 
gery theoretically increases the risk of 
detaching the ciliary body and, thus, 
the stretching and tearing of dilated 
ciliary body vessels. 

The experimental model described 
may partially explain why hypotonous 
eyes are at an increased risk for devel- 
oping choroidal effusion, choroidal 
hemorrhage, and expulsive hemor- 
rhage. The results may also partially 
explain why the risk for these compli- 
cations increases Curing prolonged an- 
terior segment procedures and in pa- 
tients with glaucoma and hyperten- 
sion. In rabbits, increased ocular 
venous pressure Curing hypotony re- 
sults in choroidal and ciliary body 
vascular congestion leading to supra- 
choroidal effusion. Choroidal effusion, 
if allowed to enlarge, leads to choroidal 
detachment and stretching and tear- 
ing of vessels near the base of the cil- 
iary body, which then bleed profusely 
into the suprachoroidal space. 
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The Elastic Tissue of Bruch’s Membrane 


Connections to Choroidal Elastic Tissue and the Ciliary Epithelium 
of the Rabbit and Human Eyes 


Gary E. Korte, PhD, Gerard D’Aversa, MD 


è Ultrastructural observations on the 
elastic lamina of Bruch’s membrane of the 
rabbit and human eyes revealed connec- 
tions to the ciliary epithelium and choroi- 
dal elastic tissue. The connections to the 
ciliary epithelium are in the form of bun- 
dies of microfibrils that peel off the ante- 
rior extension of Bruch’s membrane be- 
yond the ora serrata and insert into the 
basement membrane of the pigmented 
epithelium of the pars plana. The connec- 
tions to the choroidal elastic tissue are in 
the form of bundles of microfibrils (in the 
rabbit) or elastin and microfibrils (in the 
human) that cross the tissue space be- 
tween the choriocapillaris and join bun- 
dies of choroidal elastic tissue. These 
connections suggest that the elasticity of 
Bruch’s membrane exerts its influence 
distant from the membrane itself. The 
connections onto the pars plana of the cil- 
iary body implicate Bruch’s membrane in 
disaccommodation when the ciliary mus- 
cle relaxes. 

(Arch Ophthalmol. 1989; 107: 1654-1658) 


[2 spite of its prominence, the func- 

tions of the elastic lamina of 
Bruch’s membrane are unknown. It is 
anything anchored to Bruch’s mem- 
brane would be subjected to its elastic 
forces. The microfibrils of the elastic 
lamina would provide the necessary 
structural linkage for this. Although 
Hogan et al' describe the microfibrils 
in the elastic lamina of Bruch’s mem- 
brane of the human eye, only Essner 
and Gordon’ have paid particular at- 
tention to their extralaminar connec- 
tions. In an ultrastructural study of 
the rat eye, they found microfibrillar 
connections to the basement mem- 
branes of the retinal pigment epithe- 
lium and the choriocapillaris. Such 
connections, in which microfibrils 
reasonable to suggest, however, that 
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leave the elastic tissue and insert into 
a basement membrane, are similar to 
those described some years ago in 
lymphatics and skin.** At these sites 
the microfibrils probably provide the 
physical linkage that permits elastic 
tissue to act on them. 

In the course of examining the rab- 
bit and human Bruch’s membranes, we 
have identified two additional connec- 
tions of the elastic lamina microfibrils. 
One consists of bundles of microfibrils 
that peel off the elastic lamina, cross 
the intercapillary tissue space, and 
enter the bundles of choroidal elastic 
tissue on the scleral side of the chorio- 
capillaris. The other connection con- 
sists of bundles of microfibrils that 
peel off the anterior extension of 
Bruch’s membrane beyond the ora ser- 
rata. The microfibrils insert into the 
basement membrane of the ciliary ep- 
ithelium of the pars plana. These con- 
nections link the elastic forces of 
Bruch’s membrane to the choroid pos- 
terior to the choriocapillaris and to the 
pars plana of the ciliary body. 


MATERIALS AND METHODS 


Tissue was obtained from eight mature, 
normal pigmented rabbits and two human 
autopsy specimens in which the ora serrata 
and pars plana of the ciliary body appeared 
histologically normal. Bruch’s membrane 
also appeared normal, except for scattered 
drusen. The rabbits were killed by an over- 
dose of pentobarbital sodium (145 mg/kg of 
body weight, intravenously). The eyes were 
removed, and slices of tissue containing the 
ora serrata and ciliary body were processed 
for routine transmission electron micros- 
copy after immersion fixation in a solution 
of 2% glutaraldehyde and 2% formalde- 
hyde in 0.1 mol/L of phosphate buffer, in 
some cases with 0.1% tannic acid added as 
a mordant. Human autopsy specimens were 
processed in the same way. Thick sections 
were stained with toluidine blue, and thin 
sections were stained with lead citrate- 
uranyl acetate. Selected specimens were 
examined by high-voltage electron micros- 
copy (HVEM), in which a thick plastic sec- 
tion (typically 0.5 or 1 um thick) can be ex- 
amined at electron microscopic resolution.’ 
Thick sections were examined at 1000 kV, 
accelerating voltage on the high-voltage 
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electron microscope of the National Insti- 
tutes of Health Biotechnology Resource in 
HVEM, located at the New York State De- 
partment of Health, Albany. 


RESULTS + 


Connections of Bruch’s Membrane 
to the Ciliary Body 


In both rabbit and human eyes the 
continuation of Brueh’s membrane be- 
yond the ora serrata and beneath the 
pars plana of the ciliary body is easily 
seen through a light microscope. Fig- 
ure 1 illustrates this, and branches of 
Bruch’s membrane approaching the 
pars plana epithelium, in a rabbit spec- 
imen. Electron microscopy confirmed 
that these branches of Bruch’s mem- 
brane actually connected to the pars 
plana epithelium in both the rabbit 
and human eyes. 

In electron micrographs, bundles of 
the 10- to 12-nm-diameter microfibrils 
that are characteristic of elastic 
tissue*’ could be traced across the tis- 
sue space between Bruch’s membrane 
and the pigmented epithelium of the 
pars plana, whose basement mem- 
brane they inserted into. These con- 
nections were easily seen in their en- 
tirety in the more proximal parts of 
the pars plana, near the ora serrata, 
where a shorter distance separates 
Bruch’s membrane and the ciliary ep- 
ithelium (Fig 2). More distally (where 
the distance between Bruch’s mem- 
brane and the pars plana increases) 
the connections appeared less numer- 
ous and were generally seen piecemeal 
(Fig 3, left). Often only the portion 
leaving Bruch’s membrane or that in- 
serting into the epithelial basement 
membrane was seen. The intervening 
portions had to be documented by ex- 
amining adjacent thin sections by rou- 
tine electron microscopy or by exam- 
ining thick sections by HVEM (Fig 3, 
right). As described by Streeten and 
Licari,’ microfibrils inserted into the 
epithelial basement membrane indi- 
vidually or as bundles, the latter often 
associated with some amorphous elas- 
tin. 

Connections were not observed onto 
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Fig 1. —Light micrographs of Bruch’s membrane (BM) and connections 
to the parssplana in the rabbit eye. Bruch’s membrane extends beyond 
the ora serrata (to the right) and beneath pars plana of ciliary body (to 
the left). inset, A branch of the elastic lamina (arrows) of BM extends to- 
ward the pars plana epithelium above (plastic sections stained with 
toluidine blue, original magnification X270; inset, original magnification 
x550). 





Fig 2.— Transmission electron micrographs of Bruch’s membrane (BM) 
at the ora serrata and proximal pars plana (PP) of the rabbit eye. Top, 
Bruch’s membrane extends beyond the last retinal pigment epithelial cell 
(to the right) and beneath the pigmented epithelium of the PP. A 
connector (arrow) between BM and the epithelium is detailed in the bot- 
tom portion of this figure. The choriocapillaris is at the bottom of figure 
(original magnification X7800). Bottom, A bundle of microfibrils (arrow) 
appears to have split off BM and inserts into the basement membrane 
of the PP epithelium, at upper left. Individual microfibrils (mf, detailed in 
inset) also insert into the epithelial basemert membrane. Microfibrils 
ensheathe amorphous elastin (el) of BM. C indicates collagen (original 
magnification X43 200; inset, X70 200). 





Fig 3.—Transmission electron micrographs of microfibril connections between Bruch's membrane (BM) and 
the pars plana epithelium of the human eye. Left, Two portions of a microfibril bundle (arrows) connecting 
the elastic lamina of BM with the pars plana epithelium at the top of figure (the connection of the bundle to 
the elastic lamina proper is not seen due to its fenestrated nature but can be seen inthe thick sections ex- 
amined by high-voltage electron microscopy [HVEM], as in the right portion of this figure). Examination of 
adjacent sections reveal the intervening part of the microfibril bundle and its connections with the elastic 
lamina of BM. Such connections can be seen in their entirety in thick sections examined by HVEM, as il- 
lustrated in the right portion of this figure (original magnification X27 000). Right, An HVEM picture of a mi- 
be crofibril bundle (mf) leaving BM and inserting into the basement membrane of the pars plana epithelium above 

~ (details of the epithelium are obscure due to the thickness of the section). Numerous banded collagen fibers 
of larger diameter are also present (0.5-um-thick section, original magnification X20 800). 
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Fig 5.—High-voltage electron micrograph of connectors consisting of 
bundles of microfibrils (arrows; elastin is difficult to discern by high- 
voltage electron microscopy, but examination of thin sections revealed 
none in the rabbit eye) between the elastic lamina of Bruch’s membrane 
(BM) and bundles of elastic tissue (asterisks) in the choroid of the rabbit 
eye. The connector to the left consists of a bundle of microfibrils as well 
as individual ones that cross the intercapillary space. Collagen also 
crosses the tissue space. Retinal pigment epithelium is seen at the top 
of the figure, and a portion of a fibroblast is seen at the lower left (0.5- 
um-thick section, original magnification X50 000). 


portion of the figure. Microfibrils (mf) peel off elastic lamina (el) of BM. Fibrils are thinner than collagen (C), as seen in thin sections examined by 


routine transmission electron microscopy (inset) (original magnification X48 0 


the epithelium of the pars plicata 
of the ciliary body, beneath which 
Bruch’s membrane does not extend. 


Connections of Bruch’s Membrane to 
Choroidal Elastic Tissue 


In both the rabbit and human eye 
the elastic tissue of Bruch’s membrane 
could be traced into continuity with 
bundles of elastic tissue on the scleral 
side of the choriocapillaris. Although 
such connections can be discerned 
through a light microscope (eg, Fig 8-5 
in Hogan et al’), their identity as elas- 
tic tissue (as opposed to collagen bun- 
dles) had not been made. Electron mi- 
crographs, especially thick sections ex- 
amined by HVEM, discerned the 
nature of these connections. 

In thick sections examined by 
HVEM, bundles of microfibrils can be 
traced from the elastic lamina of 
Bruch’s membrane, across the inter- 
capillary space, and into the bundles of 
elastic tissue on the scleral side of the 
choriocapillaris (Figs 4 and 5). The 
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elastic tissue connectors cross the in- 
tercapillary space roughly perpendic- 
ular to Bruch’s membrane or slanted 
toward the ora serrata or optic nerve. 
The microfibrils in the connectors dif- 
fer from collagen fibers that also cross 
the intercapillary space in their dif- 
ferent diameters, the periodicity char- 
acteristic of type I collagen, and the 
tubular nature of the microfibrils (Fig 
4, bottom). 

In the rabbit the connecting bun- 
dles consisted entirely of microfibrils, 
whereas in the human eyes some elas- 
tin was often associated with the mi- 
crofibrils (Figs 6, top left and top right, 
and 7). In the human the microfibrils 
associated with connectors were often 
less distinct than in the rabbit, tending 
to be obscured by the presence of elec- 
tron-dense, beaded material along 
their length (Fig 6, top right, inset). 
Typical microfibrils and microfibrils 
with only some beaded material 
present were seen as well (Figs 6, bot- 
tom left and bottom right, and 7). The 
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beaded material was often more abun- 
dant at sites where drusen was present 
or where Bruch’s membrane showed 
evidence of aging, eg, the accumulation 
of electron-dense debris. Beaded ma- 
terial was not seen at connectors be- 
neath the pars plana, nor was it seen in 
the rabbit specimens. 

Microfibril connections to the base- 
ment membranes of the choriocapil- 
laris and retinal pigment epithelium 
were also seen in the rat, as described 
by Essner and Gordon. 


COMMENT 


Our observations describe physical 
connections between the elastic lam- 
ina of Bruch’s membrane and (1) the 
basement membrane of the epithelium 
of the pars plana of the ciliary body 
and (2) the choroidal elastic tissue on 
the scleral side of the choriocapillaris. 
With those connections described by 
Essner and Gordon? to the basement 
membrane of the choriocapillaris and 
retinal pigment epithelium, our obser- 
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Fig 6.— Routine transmission electron micrographs of the elastic connections crossing the tissue space be- 
ween choriocapillaris in the human eye. Top left, Portions of two connectors of elastic tissue (arrows} ap- 
pear to leave Bruch’s membrane and cross the tissue space between choriocapillaris (at right). The con- 
mector at the right arrow is detailed in the top right portion of the figure (original magnification X 11090). 
Top right, Origin from Bruch’s membrane, which runs along the top of figure, is seen (straight arrow). Unlike 
the rabbit eye, connections in the human eye consist of amorphous elastin (el) and microfibrils. Here, mi- 
crofibrils are obscured due to electron-dense beaded material (curved arrow; see inset). Such material is 
more abundant adjacent to sites of drusen formation and accumulation of debris in Bruch’s membrane it- 
self, as seen here (original magnification X22 000). Inset, Detail of area at curved arrow. Elastin (el) is flanked 
below by a bundle of microfibrils obscured by accumulated electron-dense beaded material (arrows) (crig- 
inal magnification X57 200). Bottom left and right, Besides the beaded microfibril bundles seen in the top 
right, there also occur bundles of typical microfibrils (bottom left) and bundles of microfibrils with only a small 
amount of accumulated electron-dense beaded material (arrows in bottom right) (original magnification 
x60000). See also Fig 7. 


vations:add to the list of structures on 
which the elastieity of Bruch’s mem- 
brane may act. According to the par- 
lanee used by investigators of connec- 
tive tissue, the connectors consisting 
only of micrefibrls would correspond 
to exytalan, while those with some 
amerphous elastin associated with 
them would correspond to elaunin.’ 
The source of these connectors was not 
identified, but we assume that they 
arise from the secretory activity of 
nearby connective-tissue cells, such as 
fibroblasts. 

The eonnections of Bruch’s mem- 
brane with the basement membrane of 
the pars plana of the ciliary body 
probably contribute to the microfibril- 
lar connections described by Streeten 
and Licar® ir their study of the bovine 
ciliary body and those deseribed by 
Streeten’ in the human. Streeten and 
Licari described microfibrils in the 
connective tissue beneath the pars 
plana and documented their antigenic 
similarity to microfibrils of the liga- 
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mentum nuchae. They did not, how- 
ever, specifically identify Bruch’s 
membrane as a source of the mi- 
crofibrils inserting into the basement 
membrane of ciliary epithelium, al- 
though they did note connections with 
“subepithelial elastic fibers” of the 
pars plana, which probably were the 
anterior extension of the elastic lam- 
ina of Bruch’s membrane into the cil- 
iary body. Roll et al also described 
what they termed zonular fibers (be- 
cause of their ultrastructural similar- 
ity to the ciliary zonules) in the tissue 
space between Bruch’s membrane and 
the ciliary epithelium of the human 
eye but did not identify a direct link 
between Bruch’s membrane and the 
ciliary epithelium. They also described 
ciliary zonules crossing the ciliary ep- 
ithelium from the posterior chamber 
and entering the connective tissue be- 
neath the ciliary epithelium—a con- 
nection we could not document in our 
rabbit or human eyes. 

A link between Bruch’s membrane 


and the ciliary epithelium could supply 
part of the elastic force for disaccom- 
modation when the ciliary muscle re- 
laxes. Bito and Miranda" note that 
these forces reside in the choroid but 
that the exact site of their location is 
unknown: “The location, structural or- 
ganization and fuactienal significance 
of the extralenticular elastic compo- 
nents... remain to be explored.” 
The microfibrillar connections linking 
Bruch’s membrane with the pars plana 
epithelium may supply some of these 
forces. The connections described 
herein, like these described by 
Streeten and Licari,’ appear to be stra- 
tegically located in that the major 
portion of the ciliary zonules also in- 
sert into the pars plana. 

The connection of Bruch’s mem- 
brane with the elastic tissue on the 
scleral side of the choriocapillaris is 
organized differently, insofar as the 
connections link the elastic tissue of 
one site (Bruch’s membrane) with that 
of another site (the choroid posterior 
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to the choriocapillaris) rather than 
with another structure. Rather than 
focusing the elastic forces of Bruch’s 
membrane on a particular structure, 
these connections would seem to merge 
the elastic forces with those of the 
choroid generally. The functional sig- 
nificance of this is not clear, but since 
the choroidal elastic tissue also inserts 
into the pars plana,’ these connections 
of Bruch’s membrane could also be in- 
volved in disaccommodation. 

The presence of the microfibril con- 
nections described herein underscores 
their role as structural components of 
the connective tissue of the eye, as also 
noted by Alexander and Garner” and 
other investigators. They are similar 
to microfibrils seen in the cornea’! 
and the ciliary zonules, where they 
also provide physical support. This ap- 
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pears to be their major function, as 
noted by early investigators working 
outside the eye.*!4!6 

While the biochemical nature of the 
microfibrils is only now being elu- 
cidated,*"’ they probably are not type 
VI collagen—the other type of mi- 
crofibril found in connective tissue. 
Type VI collagen microfibrils are only 
3 to 5 nm in diameter, much smaller 
than the ones associated with elastic 
tissue” or those described herein. The 
chemical nature of the beaded mate- 
rial observed along human mi- 
crofibrils is unknown as well. Its pres- 
ence on microfibrils at the interca- 
pillary space and not on those connec- 
tions to the ciliary epithelium, and its 
relative abundance near drusen or ag- 
ing Bruch’s membrane, suggest that 
the material represents depositions 
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Fig 7.—Routine transmission electron micrographs of the elastic con-~ 
nections crossing the tissue space between choriocapillaris in the hu- 
man eye. Bruch’s membrane and the basalmost portion of the retinal 
pigment epithelium are seen at the top of the figure. A portion of the 
choriocapillaris is seen to the right. Two bundles of microfibrils (arrows, 
left) are associated with abundant beaded material that obscures the 
microfibrils (mf, right, which is a detail of the bundle at the left arrow, left) 
(left, original magnification X19 000; right, eriginal magnification 


related to the aging process. Similar 
material has been described by Hogan 
et al’ in the aging Bruch’s mem- 
brane of the human eye. 

Although several aspects of the or- 
ganization of Bruch’s membrane con- 
nections described herein must still be 
addressed (eg, the relative numbers of 
connections in the proximal and distal 
pars plana and throughout the fun- 
dus), our observations do indicate that 
the elastic tissue of Bruch’s membrane 
influences the function of structures 
around or near it. 
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Bovine Retinal Pigment Epithelium Promotes Proliferation 
of Choroidal Endothelium In Vitro 


Lawrence $. Morse. MD, PhD; Jack Terrell; Yossi Sidikaro, MD, PhD 


è The invasion of Bruch’s membrane 
and subsequently the subpigment epithe- 
lium andtsubretinalspaces by proliferating 
choroidal capillaries is a prominent feature 
of age-related macular degeneration. The 
ability te isolate and propagate pure cul- 
tures of bovine choroidal microvascular 
endothelium, choroidal pericytes, tur- 
binate fibroblasts, and bovine retinal pig- 
+» ment epithelium allowed us to identify a 
growth-promoting activity produced by 
the retinal pigment! epithelium that stimu- 
lated the proliferation of these cells in vi- 
tro. This mitogenic activity is present in 
both retinal pigment epithelium-condi- 
tioned medium anc retinal pigment epithe- 
lium extract and enhances the mitogenic 
activity of retinal-derived extract. The ac- 
tivity is resistant te extremes of tempera- 
ture and pH but partially sensitive to 
trypsin inactivation. 

(Arch Ophthalmol. 
1663) 


1989; 107:1659- 


4 Aging telated macular degeneration 

. (AMD) is a leading cause of blind- 
ness in the industrial world! and oc- 
curs in a spectrum of histopathologic 
forms.= Characteristic of it is the at- 
rophy or metaplasia of the retinal pig- 
ment epithelium (RPE), accumulation 
of aging pigment (drusen), and the in- 
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vasion of proliferating choriocapil- 
laris (CC) into the subpigment epithe- 
lium and subretinal spaces. Central to 
the process leading to either choroidal 
neovascularization or choroidal degen- 
eration is the pathologic response of 
the RPE. The factors involved in either 
the physiologic maintenance or the 
pathologic alteration of the CC are not 
known. The ability to isolate and clone 
pure cultures of choroidal microvascu- 
lar endothelial cells and pericytes al- 
lowed us to identify a factor(s) pro- 
duced by the RPE that stimulated the 
proliferation of these cells in vitro. The 
results provide evidence that RPE cul- 
tured from bovine eyes produces and 
releases a general mitogenic factor(s) 
and supports the concept of an RPE- 
mediated trophic effect on the CC. 


MATERIALS AND METHODS 
Cells and Media 


The isolation and biologic properties 
of choroidal microvascular endothelium 
(CME) and pericytes (CMP) have been de- 
scribed elsewhere.’ Briefly, fresh bovine 
eyes were obtained from a local abattoir 
within half an hour of death. Eyes were 
placed in balanced salt solution, pH 7.4, at 
0°C for transport. The anterior segments 
were removed and the remaining posterior 
segments were filled with Earl’s balanced 
salt solution (4°C) without ionic calcium 
and placed on ice in Costar 6-well, plastic 
tissue culture trays for 30 minutes. This al- 
lowed the neurosensory retina to be easily 
separated from the RPE by gently pulling 
with forceps. To isolate choroidal microves- 
sels, RPE cells were first removed by incu- 
bation with 2.5% Dispase neutral protease 
(Worthington) 100 mmol/L sorbitol in 
basal M199 medium (Gibco) for 20 minutes 
at 37°C. The RPE was removed by gentle 
scraping with a rubber policeman. The re- 
maining Bruch’s membrane and choroid 


were then carefully dissected from the 
sclera, rinsed thoroughly in Hank’s bal- 
anced salt solution, and placed at 0°C in 
basal M199 before microvessel selection. 
Choroidal microvessels were prepared ac- 
cording to the protocol of Sidikaro and 
Morse’ as modified from Meezan et al’ and 
Buzney et al.’ Accordingly, the Bruch’s 
membrane-choroidal microvessel tissue 
from three to six eyes was minced, diluted 
with Hanks’ balanced salt solution, and ho- 
mogenized in a glass tube with a Teflon 
pestle six to eight times. The homogenate 
was poured over a 210-um nylon sieve, 
which was placed in a 25-mm Swinnex 
polymer filter (Millipore) attached to a 20- 
mL syringe. The filtrate was then passed 
over a 53-um nylon sieve to retain the 
microvessels and rinsed with 100 mL of 
Hanks’ balanced salt solution. The filter 
was washed to remove the microvessels, 
and the microvessels were pelleted at 800g 
for 3 to 5 minutes. Endothelial cells were 
isolated from micrevessels by incubation 
with 0.5% collagenase (Worthington) and 
plating the released endothelial cells on 
polystyrene plates ceated with 0.1% gelatin 
and 1 mg/L human fibronectin (Collabora- 
tive Research). Clones of CME and CMP 
were then propagated in culture. 

The CME was characterized by morpho- 
logic features, contact inhibition, sponta- 
neous tubule formation in culture, factor 
VIII immunocytochemical staining, and 
phagocytosis of acetylated low-density li- 
poprotein. The CMP were characterized by 
morphologic features, lack of contact inhi- 
bition, and presence of nonmuscle actin.’ 

Bovine aortic endothelial cells (BAE) 
were prepared according to the protocol of 
Schwartz and were given by Berliner and 
colleagues. These cells were factor VIII 
positive and able to phagocytize acetylated 
low-density lipoprotein. Bovine RPE cells 
were isolated from posterior segments. The 
neurosensory retina was removed by dis- 
section. The tapetal portion of the posterior 
segment was then dissected away, and pig- 
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Fig 1.—Effect of serum on cellular proliferation of choroidal microvascular endothelium: left, choroidal mi- 
crovascular endothelium; right, bovine aortic endothelium. Retinal pigment epithelium-conditioned medium 


(RPE-CM) and basal medium are the same as in Fig 2 except for the addition of 10% fetal calf serum (FCS). 


Bovine turbinate fibroblast-conditioned medium (FCM; 12 mg/L) contained 10% heat-inactivated FCS. Cell 
counts were performed at the indicated times in a Coulter counter to determine cellular proliferation. All ex- 
perimental points were performed in triplicate and repeated twice. The SEM was less than 13% for all cel- 
lular counts. The results demonstrate that the mitogenic activity in RPE-CM is independent of serum and not 
an artifact of short incubation times. 


mented RPE tissue wedges were placed in 
Costar 6-well plastic tissue culture trays. 
Pigmented RPE was released from Bruch’s 
membrane by digestion with 2.5% Dispase 
and plated in culture. The CME cells were 
maintained in a mixture of basal media 
M199:Dulbecco’s modified essential me- 
dium (Gibco, 1:1 mixture) containing 50 
mg/L of endothelial cell growth supple- 
ment (Collaborative Research), bovine 
RPE-conditioned medium ( RPE-CM, 1:1 
mixture with basal media), 100 mg/L hep- 
arin, 10% fetal calf serum (FCS), 100 U/mL 
penicillin-streptomycin (Gibco), and 2.5 
mg/L of antifungal Fungisone ( Gibco). The 
CMP, RPE, BAE, and bovine turbinate fi- 
broblasts were maintained in basal M199: 
Dulbecco’s modified essential medium con- 
taining 10% FCS, 100 U/mL penicillin- 
streptomycin, and 2.5 mg/L Fungisone. 


Preparation of Conditioned Media and 
Cell-Free Extracts 


Bovine RPE-CM was prepared from un- 
passaged, confluent cultures of RPE cells 
that were less than 4 weeks old. All condi- 
tioned media were prepared by incubating 
confluent monolayers of 10’ cells per flask in 
basal M199 medium containing 10% FCS 
for 48 hours at 37°C. The flasks were rinsed 
five times with serum-free basal M199 me- 
dium to remove serum components and 
then incubated an additional 48 hours in 10 
mL of serum-free basal M199 medium, at 
which point the medium was decanted into 
conical tubes for storage. Cellular debris 
was removed by centrifugation at 4000 rpm 
at 4°C in a centrifuge (Sorvall). Aliquots 
were stored frozen at —20°C and thawed 
only once for testing. The protein concen- 
tration of serum-free RPE-CM was 50 mg/ 
L. Cell-free retinal extracts were prepared 
from fresh neurosensory retinas as previ- 
ously described.'*"" Cell-free RPE extracts 
were prepared from unpassaged cultured 
RPE cells after 4 weeks in culture. Approx- 


imately 10’ cells in a large flask were 
scraped free after incubation for 48 hours in 
serum-free basal medium and resuspended 
in fresh serum-free basal medium. The cells 
were then sonicated and cellular debris was 
removed by centrifugation. Aliquots were 
stored at —20°C. Protein concentrations 
were determined using trichloroacetic acid 
precipitation with a modified Lowry assay 
(Sigma). 


Cellular Proliferation 


All serum-free cellular proliferation ex- 
periments were performed on cells (CME, 
CMP, BAE, and fibroblasts) previously in- 
cubated in basal medium with 10% FCS for 
48 hours. For CME and CMP, cells from 
passages 6 to 10 were utilized. The cells 
were washed extensively in serum-free 
basal medium and released with trypsin- 
edetic acid. The cells were then rewashed 
and plated on Costar 24-well plastic tissue 
culture trays coated with gelatin and fi- 
bronectin (Collaborative Research). Ten 
thousand cells per well were plated in 
serum-free M199 medium. Cells were al- 
lowed to attach for 6 hours, and then all 
basal medium was replaced and the appro- 
priate serum-free conditioned medium to 
be tested was then added to the wells. The 
cells were incubated for 48 hours at 37°C 
and then counted in a Coulter counter after 
release from the wells with trypsin. These 
conditions allowed all experiments to be 
conducted before reaching confluence. All 
experiments were conducted in triplicate 
and repeated at least three times. Long- 
term growth studies were performed by 
adding 10% FCS to serum-free basal me- 
dium, RPE-CM, and fibroblast-conditioned 
medium. Two thousand cells per culture 
dish of either CME (passage 8) or BAE cells 
(passages 12 to 15) were plated in triplicate 
in basal medium containing 10% FCS and 
allowed to attach for 6 hours. Basal medium 
was then removed and the appropriate 
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basal medium or test medium containing 
the same batch of 10% FCS was added to 
the culture dishes. The medium was 
changed every 2 days. Because CME and 
BAE cells grow at different rates and have 
different plating efficiencies, the cells were 
monitored in an inverted microscope (Ni- 
kon) to determine the time when appropri- 
ate numbers of cells could be counted. Cells 
were counted at 6 hours to determine the 
number of cells attaching and at the times 
indicated in Fig 1. Cells were released with 
trypsin-edetic acid and counted in a Coulter 
counter. All cell counts were at subconflu- 
ent densities. The SEM was less than 13% 
in all sampled points. 


Characterization of RPE-Derived 
Growth Factor 


Heat sensitivity was determined by sub- 
jecting 50% dilutions ef RPE-CM to 100°C 
for 10 minutes and then placing the samples 
on ice. To determine sensitivity to extremes 
of pH, samples were carefully adjusted to a 
pH of 3 or of 10 with IN hydrochloric acid 
and 1N sodium hydroxide, respectively, for 
30 minutes at room temperature and then 
titrated back to a pH of 7.4 before assaying 
for mitogenic activity. Trypsin sensitivity 
was determined by incubation of RPE-CM 
with 200 mg/L of bovine pancreatic trypsin 
(Gibco) for 4 hours at 37°C and then stop- 
ping the reaction with the addition of 400 
U/mL of soybean trypsin inhibitor (Sigma) 
for 30 minutes before testing. Cellular pro- 
liferation experiments were then per- 
formed as described above using CME cells 
with both treated RPE-CM and untreated 
RPE-CM as a control. The results represent 
the average of three separate experiments 
performed in triplicate and were compared 
with the cellular proliferation in untreated 
RPE-CM to determine the percentage of 
activity remaining after treatment. The 
SEM was less than 10% in all sampled 
points. 
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Fig 2.— Stimulation of cellular proliferation by serum-free bovine retinal 2.5] 
pigment epitheżtial cell-conditioned medium (RPE-CM) or RPE extract. 
Mitotic index equals ratio of cellular proliferation after 48 hours in treated 
medium vs basal medium. Media: basal (M199); basal plus RPE-CM 
(BRPE-CM; 1:1 mix; 50 mg/L); basal plus retinal extract (BR extract; 75 
mg/L); BRPE-CM plus BR extract; BRPE extract (75 mg/L). Top left, 
Mitotic index of choroidal microvascular endothelium. Top right, Mitotic 
index of chorcidal pericytes. Bottom right, Mitotic index of bovine 
turbinate fibroblasts. Error bars show SEM. Results demonstrate that 
RPE-CM contains mitogenic activity for choroidal microvascular endot- 
helium, Ghoroical microvascular pericytes, and bovine turbinate fibro- 
blasts. The mitogenic activity is enhanced with the addition of retinal ex- 


tract. 


RESULTS 


Results of the above experiments 
demonstrate the proliferative re- 
sponse of CME, CMP, and fibroblasts 
to a factor(s)produced by the RPE and 
retinal derived extract. Figure 2 rep- 
resents the mitotic index (cell count in 
treated mecium/cell count in basal 
medium) averaged from three to five 
experiments performed in triplicate. 
Three different batches of RPE-CM 
and RPE extraet and two different 
clones of CME were tested. The SEM is 
shown for each treatment. Figure 2, 
top left, demonstrates that RPE-CM 
and RFE extract both stimulate the 
growth of CME (an average of 190% 
anc 150%, respectively). The mitoge- 
niceffeet is enhanced when mixed with 
retinal extract, known to contain a 
vascular mitogenic factor(s). The 
RPE-CM and RPE extract were also 
able to stimulate CMP (an average of 
175%) and bovine turbinate fibro- 
blasts (an average of 175%) in a simi- 
lar fashion (Fig 2, top and bottom 
right). In al! experiments, the stimu- 
latory effect is statistically significant 
using the two-tailed t test (P < .01). 

To test the possibility that the se- 
rum-free RPE-CM contained a resid- 


Arch Ophthalmol—Vol 107, November 1989 





BRPE-CM BR Extract BRPE-CM+ BRPE Extract 
BR Extract 


Mitotic Index 


Basal 





Mitotic Index 





Basal 


ual amount of serum that was contrib- 
uting to the observed mitogenic effect, 
proliferation experiments were per- 
formed with the addition of 10% FCS 
to the serum-free RPE-CM and basal 
medium prepared previously. Ten per- 
cent FCS was also added to serum-free 
bovine turbinate fibroblast condi- 
tioned medium that was tested at the 
same time. Both nonocular, large-cal- 
iber vascular endothelium (BAE) and 
ocular CME were studied. Because the 
CME cells grew more slowly than BAE 
cells in culture, the cells were moni- 
tored in the inverted microscope to de- 
termine the appropriate time to count 
reliable numbers of cells and to ensure 
that all counts were performed on 
subconfluent cells. Figure 1 shows that 
the mitogenic potential of RPE-CM is 
independent of possible residual se- 
rum contamination as enhanced stim- 
ulation of cellular proliferation is ob- 
served above that of basal medium 
with 10% FCS at all points tested for 
both BAE and CME. The results in Fig 
1 also demonstrate that the growth- 
promoting activity demonstrated in 
serum-free conditioned medium (Fig 
2) is not an artifact of short incubation 
times or of previously initiated rounds 
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of cellular divisien masmuch as the 
effect is seen for ex-ended sampling 
periods. AlthoughtheCME cells divide 
more slowly and require additional 
maintenance factors than BAE cells 
for optimum long-term growth in cul- 
ture, both cell types demonstrated 
growth stimulation with RPE-CM. 
Last, serum-free ‘ibroblast-condi- 
tioned medium was also able to stimu- 
late cellular proliferacion of both CME 
and BAE cells as shown in Fig 1. This 
activity has been previously described 
for fibroblast-conditiened medium for 
nontransformed cipleid human fibro- 
blasts." 

A partial characterization of the 
RPE-derived growth “actor(s) follows: 


Treatment % Control 
100°C X 10 min 93 
pH 3 110 
pH 10 97 
Trypsin 51 


The data show that ~he RPE-derived 
growth factor(s) is resistant to heat 
inactivation and extremes of pH (3 to 
10) but is only partially sensitive to 
trypsin digestion. This suggests that 
the factor(s) contains trypsin-sensi- 
tive peptides. Similar properties were 
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described for an RPE growth factor 
reported by Bryan and Campochiaro"; 
however, no stimulation of vascular 
endothelium or pericytes was demon- 
strated in their study. 


COMMENT 


The profound anatomic and biologic 
differences between the choroidal and 
retinal capillaries may be understood 
in part through the cell-cell interac- 
tions that take place in their unique 
microenvironment.'*!’ While much is 
appreciated regarding the interaction 
of the RPE and photoreceptors in ocu- 
lar metabolism, it is only recently that 
the concept of an obligatory physio- 
logic interaction between the CC and 
the RPE has emerged. Histopathologic 
studies and fundus fluorescein angiog- 
raphy in human eyes have also sub- 
stantiated the experimental animal 
studies** and supported the concept 
that there exists an obligatory physio- 
logic interaction between the RPE and 
CC in normal tissue and a possible 
pathologic alteration in this interac- 
tion in conditions of diseased RPE.'*”° 
In general, conditions that cause loss 
of the RPE lead to loss of the CC (eg, 
choroideremia), whereas other condi- 
tions of RPE metaplasia or degenera- 
tion can lead to the abnormal prolifer- 
ation of choroidal blood vessels. The 
observation that clinical conditions 
causing RPE atrophy subsequently re- 
sulted in atrophy of the CC and vice 
versa suggested that the RPE may 
provide essential metabolites or fac- 
tors necessary for the growth or main- 
tenance of the CC. 

The work presented herein describes 
a unique experimental system utiliz- 
ing ocular microvascular target cells 
and nonocular cells from the same an- 
imal species to investigate the mito- 
genic potential of factors released 
from the RPE. We provide in vitro evi- 
dence that RPE, cultured from appar- 
ently normal bovine eyes, produces a 
general mitogenic factor that is able to 
stimulate the cellular proliferation of 
bovine CME, CMP, aortic endothelium, 
and fibroblasts, which supports the 
concept of an RPE-mediated trophic 
effect on the CC. 

Basic and acidic fibroblast growth 
factor are structurally and function- 
ally related mitogens that have been 
found in the retina.’ Recently, 
Schweigerer et al” presented evidence 
that bovine RPE extracts contain basic 
fibroblast growth factor. Further- 
more, the RPE-derived basic fibro- 
blast growth factor was shown to stim- 
ulate the cellular proliferation of bo- 
vine adrenal capillary endothelial 
cells. The observation and preliminary 
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characterization of the mitogenic ac- 
tivity in our study is consistent with 
this report but will require further 
biochemical characterization to define 
the factors released in RPE-CM. Most 
importantly, we have demonstrated 
that cultured RPE cells can release a 
mitogen(s) into medium that enables 
these cells to modulate ocular capillary 
cells and have shown that bovine CME 
and CMP are target cells for the RPE- 
derived growth factor(s). 

Because differences in growth re- 
quirements and biochemical proper- 
ties of large-vessel and capillary en- 
dothelium have been described,*!°?*”° 
as well as differences between the bio- 
chemical and growth properties of bo- 
vine retinal endothelium and CME,” 
studies designed to investigate cellular 
interactions in ocular physiologic and 
pathologic responses may require the 
use of ocular target cells. Although our 
CME cells were maintained in growth 
medium supplemented with endothe- 
lial cell growth supplement and RPE- 
CM, it is unlikely that we have selected 
out clones of CME that respond pref- 
erentially to RPE-CM. Evidence sup- 
porting this notion is shown in Figs 1 
and 2, which show that cloned cultures 
of pericytes and uncloned cultures of 
BAE and fibroblasts are also stimu- 
lated in both serum-free and serum- 
containing RPE-CM. Furthermore, 
the addition of RPE-CM to mainte- 
nance medium for CME does not 
change the doubling time of CME cells 
maintained in basal medium with en- 
dothelial cell growth supplement.‘ It is 
our impression, however, that the ad- 
dition of RPE-CM to the maintenance 
medium of the CME cultures allows 
more long-term subculturing of these 
cells, perhaps supporting the concept 
of an obligatory RPE-CC functional 
unit.'*9 

The results reported in this commu- 
nication may appear to conflict with 
results reported by Glaser et al, who 
described the presence of an inhibi- 
tor(s) of neovascularization released 
into the medium from cultured human 
RPE cells but reported no evidence of 
an RPE-derived mitogenic factor(s) 
for endothelial cells. In their experi- 
ments, the stimulatory activity of bo- 
vine retinal extract on bovine fetal 
aortic endothelium was blocked by si- 
multaneous incubation with human 
RPE-CM, suggesting the presence of 
an RPE-derived inhibitor of endothe- 
lial proliferation. Despite using sev- 
eral different preparations of bovine 
RPE-CM from both unpassaged cells 
and cells passaged up to four times, 
with and without filtration through 
polymer membranes coated with 0.1% 
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bovine serum albumin, no inhibition of 
the stimulatory activity of bovine ret- 
inal extract was observed when mixed 
with bovine RPE-CM. However, sev- 
eral differences between experimental 
protocols exist that may influence re- . 
sults. These include differences in the 
species of RPE, in culturing and pas- 
saging the RPE, in preparing the con- 
ditioned medium, and in experimental 
conditions for testing proliferation. 
The results reported here do, however, 
support the observations of Wong 
et al.” 

It must be recognized that cultured 
endothelial cells may not behave ex- 
actly as the in vivo correlates in that 
normal ocular endothelial cells usually 
are in a resting state with a low rate of 
proliferation measured in terms of , 
years.™! The finding of a mitotic fac” 
tor(s) for choroidal endothelial cells 
from normal RPE cells in culture sug- 
gests that this factor(s) may provide a 
maintenance function in vivo and that 
this activity must be tightly regulated 
or sequestered. Alternatively, this ac- 
tivity may be a response to the “stress” 
of culturing cells and therefore may 
more closely represent a response to 
injury. While the stimulus for choroi- 
dal neovascularization is not known, 
we do know that it is associated with a 
variety of degenerative choroidal pro- 
cesses, trauma, infections, or inflam- 
matory states. Common to all these 
processes involving choroidal neovas- 
cularization are changes in the mor- 
phologic nature and, most likely, the 
function of the RPE. It therefore 
seems plausible to suggest that the 
process of choroidal neovasculariza- 
tion may reflect an alteration in the 
normal physiologic interaction that 
occurs between the RPE and CC. Fur- 
thermore, it is possible that RPE may 
simultaneously produce trophic and 
inhibitory factors that may have dif- 
ferent functions in normal physiology. 
Thus, the physiologic and pathologic 
behavior of the endothelial cell would 
be modulated by local microenviron- 
mental processes affecting cell-cell in- 
teractions. This concept would help 
explain why processes leading to cho- 
roidal neovascularization, such as ag- 
ing-related macular degeneration, do 
not affect retinal microvessels and why 
processes leading to retinal neovascu- 
larization, in conditions such as pro- 
liferative diabetic retinopathy, do not 
appear to cause choroidal neovascular- 
ization. 
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Assessment of Diclofenac on 


Herpes Keratitis in Rabbit Eyes 


Melvin D. Trousdale, PhD; William E. Barlow, PhD; Lorraine J. B. McGuigan, MD 


è Topical diclofenac sodium is a non- 
steroidal anti-inflammatory drug that is 
being developed for use in the control of 
postoperative and medical inflammation. 
A comparison was made of 0.1% di- 
clofenac with 1% prednisolone sodium 
phosphate, 0.03% flurbiprofen, and a ve- 
hicle placebo in rabbit eyes with acute 
herpetic keratitis in a double-masked 
study. Maximum corneal epithelial involve- 
ment was observed in each group on day 
6 postinoculation, and in eyes subse- 
quently treated with prednisolone, the cor- 
neal epithelial involvement appeared to be 
more severe and to resolve more slowly. 
Conjunctivitis and corneal clouding 
peaked on days 6 to 7 for all treatment 
groups and remained most severe in the 
placebo-treated eyes, followed closely by 
those treated with prednisolone. The du- 
ration of virus shedding was the same for 
placebo-, flurbiprofen-, and diclofenac- 
treated groups (50% or more were virus 
negative by day 10 or 11). Only predniso- 
lone-treated eyes had an extended period 
of virus shedding, and the rabbit mortality 
rate in this group was slightly higher. It 
thus appears that topical diclofenac does 
not exacerbate acute herpes keratitis; di- 
clofenac-treated eyes displayed less or at 
least no more severe disease than did the 
eyes treated with the other anti-inflamma- 
tory agents tested, and shedding of virus 
into tears was not prolonged. 

(Arch Ophthalmol. 1989;107:1664- 
1666) 


P otent specific and selective topical 

ophthalmic chemotherapeutic for- 
mulations for treatment of herpetic 
keratitis are available.'* Control of 
destructive inflammation in herpetic 
disease is important because inflam- 
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mation may adversely affect all ocular 
structures and contribute signifi- 
cantly to the loss of vision.’ Investiga- 
tors differ in their opinions on whether 
steroids should be used as part of the 
treatment for ocular herpes.*’ Both 
the beneficial and undesirable side ef- 
fects of steroids are well documented.*” 
The possibility of using nonsteroidal 
anti-inflammatory drugs (NSAIDs) as 
replacement for steroid therapy is an 
unanswered question, although some 
animal model studies have been 
reported.” The purpose of this study 
was to compare the effects of di- 
clofenac sodium, a new NSAID, with 
flurbiprofen, another NSAID, and 
prednisolone sodium phosphate, a ste- 
roid agent, in rabbit eyes with acute 
herpetic keratitis. We wanted to de- 
termine if topical treatment with 
these anti-inflammatory agents would 
potentiate the ocular disease and/or 
virus shedding. 


MATERIALS AND METHODS 
Virus and Cell Culture 


Stock herpes simplex virus type 1 (HSV- 
1), ie, McKrae strain, was grown in rabbit 
kidney cells and stored at —70°C until 
needed. The virus was titrated by the 
plaque assay method using monolayers of 
rabbit kidney cells.” Primary cultures of 
rabbit kidney were prepared from 2-week- 
old New Zealand white rabbits weighing 
250 to 300 g. Minimum essential medium 
(Gibco), supplemented with 10% newborn 
calf serum, 10% NCTC135, 2 mmol/L of 
L-glutamine, 10 mg/mL of gentamicin sul- 
fate, and 3 mg/mL of amphetericin B (Fun- 
gizone; E. R. Squibb, Prineeton, NJ), was 
used as growth medium fer the cell cul- 
tures. 


Rabbit Ocular Model 


New Zealand white rabbits weighing 2 to 
3 kg were used and housed throughout the 
study according to the National Institutes 
of Health guidelines on the use of animals 
in research. Both eyes of all animals were 
examined by slit-lamp biomicroscopy to 
detect preinoculation corneal abnormali- 
ties. Bilateral ocular inoculation was per- 
formed by placing 5 X 10° plaque-forming 
units in 50 uL of diluent inte the conjuncti- 


1664 Arch Ophthalmol—Vol 107, November 1989 


val cul-de-sac. Each eye was closed and 
rubbed gently for 30 seconds. The swab 
method was used to collect tear samples on 
each day prior to treatment and examina- 


tion. Virus isolation studies from these teary 


film samples were inoculated onto mono- 
layers of rabbit kidney cultures and incu- 
bated at 37°C. Monolayers were examined 
microscopically for typical HSV cytopathic 
effects for 7 to 10 days and HSV-positive 
cultures were passed for confirmation. Ran- 
dom isolates were confirmed by neutraliza- 
tion studies. 

On day 3 postinoculation, the eyes were 
stained with 5% methylene blue and exam- 
ined by slit-lamp biomicroscopy for corneal 
epithelial involvement (CEI) (ie, superficial 
punctate keratitis and dendrites). The pa- 
rameters for ocular disease were CEI, con- 
junctivitis, and corneal clouding. All eyes 


were scored by a single examiner, who was . 


unaware of the different treatment regi-~~ 


mens being performed, from days 3 to 13, 
excluding days 8, 10, and 12. The scoring for 
the degree of severity used a 0 to 4+ grad- 
ing system. In the case of CEI, 0 was no 
corneal involvement or normal; an incre- 
ment of 0.25 was used below 1+ and 0.5 
above 1+; 1+ involved approximately 25% 
of the corneal area; 2+ involved 50%; 3+ 
involved 75%; and 4+ involved 100%. Con- 
junctivitis and corneal clouding were also 
evaluated on the basis of a 0 to 4+ grading 
scale: 0 was no signs or normal; 1+ was 
trace; 2+ was mild; 3+ was moderate; and 
4+ was severe. 


Treatment 


The treatment reagents were provided to 
the investigator (Ciba-Geigy Pharmaceuti- 
cals Corp) and were coded according 
to a computer-generated randomization 
scheme. The randomization code was not 
broken until the study was completed, data 
were tabulated, and statistical analysis was 
completed. Diclofenac sodium at 0.1% (Vol- 
taren Ophthalmic), a nonsteroidal anti- 
inflammatory agent, was compared with 
1% prednisolone sodium phosphate (Infia- 
mase Forte), a steroid, 0.03% flurbiprofen 
(Ocufen), another nonsteroidal anti-in- 
flammatory agent, and the diclofenac vehi- 
cle as a placebo in a parallel group double- 
masked study. The vehicle included boric 
acid National Formulary (NF), trometh- 
amine United States Pharmacopeia (USP), 
purified water USP, nitrogen NF, and pre- 
servatives. The therapy from days 3 to 13 
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Degree of severityof corneal epithelial involve- 
ment (A), conjunctivitis (B), and corneal cloud- 
ing (C) observed in young adult New Zealand 
white male rabbits after inoculation with 
5 X 10° plaque-forming units (herpes simplex 
virus type 1 in 50 ul of diluent into the 
conjunctival cul-de-sac. Corneas were not 
scarified. The therapy from days 3 to 13 post- 
inoculatiomconsisted of 50 uL per eye per day 
given four times at approximately 8 AM, 11 AM, 
2pm, and 5pm. Each treatment group consisted 
of six animals (12 eyes) receiving vehicle pla- 
cebo (triangles), 1% prednisolone sodium 
phosphate (plus signs), 0.1% diclofenac so- 
dium (asterisks), or 0.03%  flurbiprofen 
(squares). 


Degree of Severity 


postinoculation consisted of topical treat- 
ment with:50 «L per eye per day given four 
times at appreximately 8 AM, 11 AM, 2 PM, 
and 5 PM. 


he 





Statistical Analysis 1 3 5 7 9 11 13 15 a 


The scores from both eyes cannot be Days Postinoculation 
treated asindependent observations, so the 
scores were averaged across eyes for each 
animal. The resulting design is a “split- 
plot” design with the drug as the between- 
subjects variable and the day as the with- 
in-subjects variable.'''’ The data were ana- 
lyzed using the SAS procedure for general 
linear models. Owing to a drug X day in- 
teraction, the within-day comparisons be- 
tween treatment groups were performed 
using Tukey’s multiple comparison proce- 
dure and an error term appropriate for 
simple main effects. 

e RESULTS 


The Figure presents a summary of 
the three clinical parameters (CEI, 
conjunctivitis, and corneal clouding) 
observed on a day-to-day basis. The 
incidence of ocular disease was uni- 
form within each of the four treatment 
greups, ie, CEI developed in 47 of 48 
eyes inoculated with HSV-1. The SEM 
data for the parameters observed sup- ' 3 5 7 9 11 13 15 
port the view that differences between Days Postinoculation 
treatment groups were due to differ- 
ences in severity of disease for each 
group and not due to differences in the 
ineidence of disease. None of the 
groups differed on day 3 with respect to 
CEI, conjunctivitis, and clouding 
(Figure), so adjustments for differ- 
ences on day 3 were not necessary. 
Corneal epithelial involvement peaked 
on day 6for all groups. Scores differed 
significantly only on days 9 through 13 
(P < .05), with the prednisolone group 
signifieantly higher than the other 
three groups. The other treatment 
groups returned to normal values (<1) 
by day 11, although the prednisolone 
group did not. The prednisolone group 
had nenreselving CEI and higher val- 
ues for all days. 

Conjunctivitis peaked on days 4 
through”, then declined rapidly there- 
after. Treatments with diclofenac and 1 3 5 7 9 11 13 15 
flurbiprefen appeared similar in re- Days Postinoculation 
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mplex Virus Type 1 (HSV-1) in Tear Samples During Topical 
Diclofenac, Flurbiprofen, Prednisolone, or Placebo 


Positive HSV-1 Cultures/Total Eyes Cultures* (%) 








Prednisolone 
Sodium Phosphate 


12/12 (100) 





Day Post- Diclofenac 
inoculation Sodium 


3 12/12 (100) 


Flurbiprofen 
12/12 (100) 








12/12 (100) 












*Tear samples were collected by the swab method. 


tOne rabbit died on this day. 


sponse. The placebo treatment group 
showed a greater degree of conjunc- 
tivitis and was significantly worse 
than the diclofenac and flurbiprofen 
groups on days 7 and 9 (P < .05), but a 
trend was observed on days 4 through 
6. 

Corneal clouding did not differ sig- 
nificantly across the treatment groups. 
All groups peaked on day 7 and de- 
clined thereafter, but normal values 
were not yet achieved on day 13. 

Fifty percent of the tear film sam- 
ples from the placebo-, flurbiprofen-, 
and diclofenac-treated eyes were HSV 
negative (ie, no detectable virus shed- 
ding) by day 10 or 11 (Table). On day 13, 
the last day for viral culture, 8 of 8 eyes 
treated with prednisolone were still 
HSV positive, whereas only 2 of 8 eyes 
of both the placebo and flurbiprofen 
groups were still HSV positive. Ten of 
10 diclofenac-treated eyes were HSV 
negative by day 11. The mortality rate 
was 2 of 6 for placebo (deaths on days 
12 and 13); 2 of 6 for the prednisolone 
group (deaths on days 8 and 10); 2 of 6 
for the flurbiprofen group (deaths on 
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a 10/10 (100) 12/12 (100) 12/12 (100) 11/11 (100) 
5 12/12 (100) 12/12 (100) 12/12 (100) 12/12 (100) 
6 12/12 (100) 12/12 (100) 12/12 (100) 11/12 (91.5) 
7 12/12 (100) 11/12 (91.5) 12/12 (100) 10/ 12 (90.3) 
8 12/12 (100) 11/12 (91.5) 10/ 10t (100) 11/12 (91.5) 
9 11/12 (91.5) 8/12 (75) 10/10 (100) 11/12 (91.5) 
10 8/12 (75) 5/12 (41.5) 8/8t (100) 6/12 (50) 

11 2/12 (16.5) 2/12 (16.5) 8/8 (100) 3/10 (30) 

12 0/ 10t (0) 2/10t (20) 8/8 (100) 5/10t (50) 
13 0/10 (0) 2/8t (25) 8/8 (100) 2/8t (25) 


























days 12 and 13); and 1 of 6 for the di- 
clofenac group (death on day 12). 


COMMENT 


In ocular herpes infection, destruc- 
tion of tissue is due to both the cy- 
tolytic process during virus replication 
and the ensuing immune response. The 
initial consideration in the treatment 
of ocular herpes infection is the selec- 
tion of an antiviral chemotherapeutic 
agent and this decision is frequently 
coupled with the need to control the 
accompanying inflammatory reaction. 
It is well known that topical cortico- 
steroid treatment of HSV-1 keratitis 
may cause a potentiation of the dis- 
ease. Anti-inflammatory steroids in- 
hibit prostaglandin and leukotriene 
synthesis primarily by interfering 
with the release of endogenous arachi- 
donic acid. Likewise, NSAIDs are 
known to have an inhibitory effect on 
prostaglandin production by blocking 
cyclooxygenase (prostaglandin syn- 
thetase) via a different action 
mechanism. Furthermore, localized 
prostaglandins have been reported to 
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possibly suppress the lymphocyte re- 
sponse to HSV infection and, there- 
fore, may be involved in recurrence 
within a localized site.” Prostaglan- 
dins E, and F, are also known to 


increase the size of HSV plaques in 


vitro, increase the virus yield,'* and 
facilitate the cell-to-cell spread of 
HSV.” 

In this rabbit ocular disease model, 
the CEI and corneal clouding were 
more intense and duration of virus 
shedding was prolonged by steroid 
therapy. The NSAID treatments (ie, 
either diclofenac sodium or flurbi- 
profen) appeared neither to intensify 
the severity of ocular disease nor to pro- 
long virus shedding into the tears. Ina 
previous report, 0.1% flurbiprofen, a 


30-fold greater concentration than y 


used in the present study, was compa- 
rable to dexamethasone in the clinical 
exacerbation of acute ocular herpes 
keratitis, although a trend toward less 
severe ocular disease was observed 
with the topical use of flurbiprofen in 
the original study. In the earlier study, 
virus shedding was not monitored. 

In conclusion, it is still not clear 
whether inhibition of prostaglandin 
levels with NSAIDs will be useful in 
the management of ocular herpes in- 
fection; however, these preliminary 
studies suggest that the adverse side 
effects common with the use of steroids 
are not as profound with diclofenac. If 
diclofenac is given inadvertently in 
dendritic disease, no exacerbation of 
the clinical disease would be antici- 
pated and no prolonged virus shedding 
would be expected. 
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Effect of Lid Closure on 


Contaet Lens-—Associated Pseudomonas Keratitis 
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Milhim |. Aswad, MD; Michael Barza, MD; Jules Baum, MD 


è New or used extended-wear soft con- 
tact lenses, preincubated in suspensions 
of Pseudomonas 2ruginosa, were placed 
on the corneas of rabbits. The lids were 
then sutured shut for either 1 or 2 weeks. 
Bacterial keratitis occurred in 9 of 9 eyes 
fitted with the used contaminated lenses 
butin nene of 12 eyes fitted with new con- 
taminated or mew  noncontaminated 
lenses. Similar experiments were carried 
outwithmotherlenses specifically designed 
to fit the cornea of rabbits. Some of these 
lenses were preworn by rabbits for 1 week 
(used), whereas others were new. A sig- 
nificantty greater incidence of bacterial 
keratitis was found in eyes that had un- 
dergone lid closure after the placement of 
used contaminated lenses (4 of 5) than in 
closed eyes with new contaminated 
lenses fi of 8) anc in open eyes with used 
contaminated lenses (0 of 13). These find- 
ings suegest that extended eyelid closure 
is a risk factor in the experimental model 
and may be a factor in clinical Pseudomo- 
nas keratitis associated with the wearing 
of extended-wear'soft contact lenses. 

(Arch Ophthatmol. 1989;107:1667- 
1670) 


Patients wearing soft contact lenses 

are at an increased risk of develop- 
ing Pseudomonas aeruginosa kera- 
titis'*; this seems to be especially true 
of users of extended-wear lenses.** It 
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has been demonstrated that P aerugi- 
nosa binds readily to used lenses, par- 
ticularly in the presence of deposits; by 
contrast, Staphylococcus aureus binds 
poorly to used lenses, and neither spe- 
cies adheres well to new lenses.” In 
view of the ubiquitous distribution of 
P aeruginosa, it appeared likely to us 
that the used lens may serve as a vehi- 
cle to convey P aeruginosa from the 
environment to the eye. However, clin- 
ical evidence suggests and an animal 
model study has demonstrated” that 
the normal cornea is not readily in- 
fected by a contaminated lens. In fact, 
investigators have been unable to es- 
tablish an animal model of P aerugi- 
nosa keratitis without first producing 
a corneal epithelial defect me- 
chanically.''? We postulate that some 
form of damage to the corneal epithe- 
lium, apparently produced more 
readily by the use of extended-wear 
lenses than by the use of either hard 
lenses or daily-wear soft lenses, con- 
tributes to the development of 
pseudomonal keratitis. One possibility 
is that hypoxia of the corneal epithe- 
lium may occur when users of ex- 
tended-wear soft contact lenses sleep 
with the lenses in place.” 
Extended-wear contact lenses are 
known to induce mechanical and hy- 
poxic injury to the corneal epithe- 
lium.'*'* However, attempts to repro- 
duce the traumatic effects of extended 
lens wear in the rabbit have proven 
difficult because of the almost univer- 
sal early extrusion of the contact lens. 
The steep corneal profile, the infre- 
quency of blinking, and the presence of 
a nictitating membrane in the rabbit’s 
eye all combine to induce such a loss. 
We have developed a rabbit model 


for Pseudomonas keratitis employing 
a used contaminatec extended-wear 
soft contact lens under a closed eyelid 
to test the hypothesis that eyelid clo- 
sure is a risk factor for the develop- 
ment of pseudomonal keratitis. To ad- 
dress the problem of spontaneous ex- 
trusion of the lens aad to reduce the 
access of atmospherie oxygen to the 
cornea, we elected to suture the eyelids 
following insertion of the human-type 
contact lens. To provide further assur- 
ance of reaching these goals, we ap- 
plied cyanoacrylate glue to the lid 
margins after tarsorrhaphy. In subse- 
quent experiments, te afford a control 
group that would retain lenses without 
tarsorrhaphy, we obtained soft contact 
lenses that were speeifically designed 
for the rabbit eye. 


MATERIALS ANC METHODS 


New Zealand white rabbits weighing 2 to 
2.5 kg were used. Follow ng an intramuscu- 
lar injection of ketamine hydrochloride 
(130 mg/kg) and xylazine hydrochloride (27 
mg/kg),'’ a unilateral tarsorrhaphy was 
performed by placing two 4-0 silk mattress 
sutures through the tarsal plates and eye- 
lid margins, and tring them over rubber 
pegs. Cyanoacrylate glue was applied to the 
approximated lid edges at the end of the 
procedure to make the dosure more nearly 
airtight. Before lid closare was completed, 
one of several types of sxtended-wear soft 
contact lenses was placed on the cornea. All 
sutured eyes were inspezted to ensure that 
suture material was buried within the tar- 
sus. 

In the first part of the study, new and 
worn lenses were used Used lenses were 
obtained from asymptomatic patients un- 
dergoing routine exchange. These lenses 
were worn for 1 to 4 moaths and invariably 
had a diffuse coating wnen examined by a 
slit lamp at X25 magnification. A few lenses 
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had one or two focal deposits. Because 
lenses made for the human eye are extruded 
by the rabbit if the lids are not sutured shut, 
only eyes with sutured lids were studied in 
this set of experiments. 

The lenses were immersed for 24 hours in 
suspensions containing either 10* or 10° col- 
ony-forming units (cfu)/mL of a clinical 
isolate of P aeruginosa (strain 100) at room 
temperature. They were then removed from 
their suspensions with a sterile forceps, 
gently irrigated with balanced saline solu- 
tion, and inserted on the rabbits’ corneas. 
The lenses included Soflens (Bausch and 
Lomb, Rochester, NY), AO-Soft (Ciba Vi- 
sion Co, Atlanta, Ga), and Hydrocurve II 
(Barnes Hind, San Diego, Calif), having 
water contents of 38.6%, 42.5%, and 55%, 
respectively. The rabbits were observed on 
a daily basis. Because the lids were closed 
and the cornea could not be seen, our obser- 
vation was restricted to the detection of lid 
swelling or discharge; either of these find- 
ings was considered to be suggestive of un- 
derlying bacterial keratitis and was an in- 
dication to open the lids. In the absence of 
such signs, the lids were opened after either 
1 or 2 weeks, depending on the experiment. 
When the lids were opened, the corneas 
were examined with a slit lamp for fluores- 
cein staining, and conjunctival culture 
specimens were taken. In eyes with an 
ulcer, corneal culture specimens were also 
taken. 

In the second part of the study, we used 
lenses that were more convex and were 
made especially for the rabbit cornea. The 
lenses used were Duragel 75 lenses with a 
water content of 75%, a base curve of 7.3 
mm, and a diameter of 14.5 mm (Buymate 
Ltd, Meopham, Surrey, England). Based on 
previous experience (oral communication, 
John Dart, FRCS, November 8, 1986), we 
anticipated and later confirmed that about 
30% of such lenses would be retained for a 
2-week period. To produce “used” contact 
lenses, new Duragel 75 lenses were placed 
on rabbit corneas and the lids were closed 
for 1 week, after which the lenses were re- 
moved. Following a week of continuous 
wear, these “used” lenses were inspected 
with a slit lamp at X25 magnification and 
were all found to have a diffuse coating but 
no focal deposits. “Used” lenses and new 
lenses were incubated in suspensions of 10° 
cfu/mL of P aeruginosa for 24 hours at 
room temperature before being placed 
again on the corneas of the rabbits that had 
undergone no experimentation. The eyelids 
of some rabbits were sutured shut, while 
those of others were left open. In an addi- 
tional control group, no contact lenses were 
placed. Instead, 30 uL of a suspension con- 
taining 10° cfu/mL of Pseudomonas was in- 
oculated on the cornea using a micropipette 
before lid closure was performed. As in the 
first part of the study, the rabbits were ob- 
served daily for evidence of keratitis, as de- 
scribed above. After 1 or 2 weeks, or at the 
first sign of infection, the lids were opened. 
The corneas were examined for fluorescein 
staining using a slit lamp, and conjunctival 
culture specimens were obtained. Animals 
that developed bacterial keratitis in either 
group were killed by an intravenous injec- 
tion of pentobarbital sodium and phenytoin 


Table 1.—Incidence of Pseudomonas Keratitis in Rabbits Wearing Human 
Extended-Wear Soft Contact Lenses and With Eyes Closed 


No. of Rabbits/ Total No. 


KL BML 


Pseudomonas 
Suspension, 
Colony-forming 
Units/mL 


10° 


Contact 
Lens 





Incidence of 
Pseudomonas Keratitis 
eo er —_. 
Within 1 wk 


Positive Conjunctival 


1-2 wk Cultures for Pseudomonas 





e Significantly higher incidence of Pseudomonas keratitis with used contaminated lenses than with either new 
contaminated lenses (x? = 19.923; P < .005) or no lenses at all (x? = 17.325; P < .005). 
tx? = 3.206; P = .078. 





Pseudomonas Suspension, 
Contact 
Lens 





Units/mL 


Used 10° 
Used 10° 





Table 2.—Incidence of Pseudomonas Keratitis in Rabbits Wearing Extended-Wear Soft 
Contact Lenses Made for the Rabbit Eye 


Colony-forming Lid 
Condition Within 1 wk 1-2 wk 


Open 
Closed 
7 Significantly higher incidence of Pseudomonas keratitis (P < .02 by x? test) for the group with used con- 
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eA aaa 









Incidence of 
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o 0/13* 8/13 
4/5* Sa 5/5 







taminated lenses under closed lids than for all other groups. 


sodium (Beuthanasia-D Special, Schering 
Co, Kenilworth, NJ). 


RESULTS 


The results obtained with the appli- 
cation of lenses designed for human 
eyes are summarized in Table 1. As 
noted earlier, all the eyes were sutured 
shut because rabbits extrude these 
lenses from unsutured eyes. We 
opened the eyelids of each animal at 
the first signs of lid swelling or dis- 
charge or at the previously assigned 
termination of the experiment, which 
was 1 or 2 weeks after inoculation. In 
fact, in all eyes with keratitis, clinical 
abnormalities that led to opening of 
the eyes appeared before the predeter- 
mined end of the experiment. 

There was no instance of keratitis in 
rabbits wearing new lenses even when 
the lenses had been exposed to a high 
inoculum of P aeruginosa. Moreover, 
inoculation of P aeruginosa onto the 
eye before lid closure in the absence of 
a contact lens resulted in keratitis in 
only 1 of 12 eyes. By contrast, keratitis 
occurred in most rabbits with used 
contaminated lenses, the infection oc- 
curring sooner with heavily contami- 
nated lenses (incubated in a suspen- 
sion containing 10° cfu/mL) than with 
lightly contaminated lenses (incu- 
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bated in a suspension containing 10* 
cfu/mL). The median time to the de- 
velopment of clinically evident ocular 
adnexal signs of inflammation, which 
we assume followed shortly after the 
onset of keratitis, was 8 days with 
lightly contaminated lenses and 4 days 
with heavily contaminated lenses. The 
infection rate with used, heavily con- 
taminated lenses was significantly 
higher than with new contaminated or 
no lenses (P < .005 for both compari- 
sons). No keratitis occurred with ex- 
posure to used uncontaminated lenses. 

We received used lenses of three dif- 
fering compositions in this study. Al- 
though we did not attempt to control 
for the effect of the composition of the 
lens on our results, we found that all 
three types of lenses were represented 
in each group of animals studied. We 
had the impression that the proportion 
of corneas of rabbits developing kera- 
titis was independent of the type of 
lens material, but the number of each 
type of lens studied im a given circum- 
stance was too small to draw a firm 
conclusion. 

The results of our studies of lenses 
specifically designed for the rabbit cor- 
nea are summarized in Table 2. Wear- 
ing of a new contaminated lens led to 
bacterial keratitis in only 1 instance in 
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a closedeye and imnone of 10 open eyes. 
With used contaminated lenses, kera- 
titis developed in 4 of 5 eyes that were 
sutured shut but in none of the 13 eyes 
that were left open. The median time 
to the development of clinically evi- 
dent ocular adnexal signs of inflam- 
mation, which we assume followed 
shortly afterthe onset of keratitis, was 
3.5 days in the group with closed eyes 
and used contaminated lenses. The in- 
cidence of keratitis in closed eyes with 
used contaminated lenses was signifi- 
cantly higher than in all other groups 
(P< .02 by r test). 

All rabbits using extended-wear 
contact lenses developed a mild punc- 
tate keratitis, with greater severity 
4 under elosed lids, even in the absence 
“*of a frank ulcerative keratitis. A cor- 
neal pannugwas- observed in all eyes in 
which the lids were closed. The pannus 
was more extensive in closed eyes with 
contact lenses—approximately 3 mm 
inside the limbus in most quadrants— 
than in closed eyes without contact 
lenses—approximately 2 mm inside 
the limbus im most quadrants. 
Pseudemonas «aeruginosa, identified 
by its colomial appearance and bio- 
chemical reactions, was cultured from 
the conjunctivaof all 24 eyes in which 
used contaminated lenses were placed 
under closed lids, and in many but not 
all eyes in which new lenses or no 
lenses were used, or in which the lids 
remained epen. Staphylococcus epi- 
dermidis was cultured from 2 eyes fol- 
lowing the application of used uncon- 
taminated lenses under closed lids. 


COMMENT 


There is an increased incidence of 
Pseudomoras keratitis in users of soft 
contact lenses, particularly extended- 
wear lenses.’ We reported recently 
that P aeruginosa adheres better than 
S aureus to worn soft lenses in vitro, 
that neither species adheres well to 
new soft lenses, and that the extent of 
acherence of P aeruginosa to worn 
lenses is related to the number of focal 
deposits that form on the lenses after 
prolonged wear.” The ability of P 
aeruginosa to adhere to worn lenses, 
coupled with the fact that this species 
is widespread in the environment and 
can be found in contact lens solutions 
that have been allowed to stand for 
long periods without preservatives, 
suggests that the lens serves as a vehi- 
cle to convey this opportunistic patho- 
gen te the cornea. 

Experimental studies have docu- 
mented adhesion of bacteria to the 
cornea?! followed by corneal infec- 
tion after gross trauma to the corneal 
epithelium ' However, in the absence 
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of gross corneal damage, even used 
contaminated lenses have not pro- 
duced infection readily in the experi- 
mental model.: This suggests that 
some form of corneal damage is almost 
certainly a prerequisite to infection by 
P aeruginosa, but the nature of this 
damage is not clear. The use of daily- 
wear or extended-wear soft lenses does 
not generally produce corneal staining 
with fluorescein, which suggests that 
the injury is a subtle one. We were in- 
trigued by the anecdotal observation 
that Pseudomonas keratitis in contact 
lens users was especially common in 
users of extended-wear soft contact 
lenses. If the corneal damage were 
produced simply by the trauma of put- 
ting on and removing the lens, one 
might have expected more trauma 
from the use of daily-wear lenses than 
from extended-wear lenses. If the 
damage were related to mechanical 
injury alone, one would have expected 
more problems from hard lenses than 
from soft lenses. These considerations 
made us wonder whether eyelid clo- 
sure over a contact lens during sleep 
might damage the corneal epithelium 
by producing corneal epithelial hy- 
poxia. 

The oxygen tension in the anterior 
cornea decreases to approximately one 
third its normal value under closed 
lids.” With the lids closed, the cor- 
neal epithelium receives most of its 
oxygen from the palpebral conjuncti- 
val vessels, a source largely unavail- 
able if there is an extended-wear lens 
in place. A number of clinical signs in 
long-term users of extended-wear 
lenses, such as corneal epithelial 
thinning'*’ and microcyst formation,” 
are thought to be the result of corneal 
epithelial hypoxia. In the present 
model, we believe that the combination 
of a soft lens over the cornea and a 
virtually airtight closure of the lids for 
a 1- to 2-week period produced severe 
hypoxia of the corneal epithelium. 
This hypothesis is supported by the 
finding of pannus, indicative of corneal 
epithelial hypoxia, which was more 
severe in closed eyes with contact 
lenses than in closed eyes without 
lenses. It has been shown that, follow- 
ing injury to nonocular epithelium, 
there is an increase in glycoconjugate 
receptors. These receptors may serve 
as attachment sites for bacteria in the 
initial phase of infection.** It is possi- 
ble that hypoxia elicits a similar re- 
sponse in the corneal epithelium. 

We have developed an experimental 
model of Pseudomonas keratitis in 
which the prerequisites are the pres- 
ence of bacteria, a used contact lens, 
and closure of the eyelids for 1 to 2 


weeks. Previous efforts to develop an 
animal model of  lens-associated 
Pseudomonas keratitis in nontrauma- 
tized corneas have been  unsuc- 
cessful,!'*> perhaps because new lenses 
were used to which few bacteria would 
adhere and because the cornea was not 
sufficiently hypoxic to suffer the nec- 
essary epithelial damage. The differ- 
ence between new and worn lenses in 
this regard probably relates to the 
formation of a surface coating on the 
used but not the new lenses.''” All 
lenses invariably develop a surface 
coating within a few hours of wear.” 
This coating and especially the focal 
deposits that appear on soft lenses 
with prolonged wear in some patients 
enable bacteria to adhere? and to 
resist the sweeping forces of the lids 
and the flushing action of the tears. We 
hypothesize that the crucial role of lid 
closure in this medel lies in its contri- 
bution, along with the contact lens, to 
the production of corneal hypoxia that 
results in sufficient epithelial damage 
to foster bacterial attachment and in- 
fection of the cernea. The fact that 
rabbits wearing used contaminated 
lenses but with open eyes failed to de- 
velop bacterial keratitis lends support 
to this hypothesis. 

Weare not certain why animals with 
new contaminated lenses in place and 
with closed eyes generally failed to de- 
velop Pseudomonas keratitis, al- 
though conjunctival cultures were of- 
ten positive anc these animals pre- 
sumably had corneal hypoxia. We 
hypothesize that the number of bacte- 
ria adherent to these new lenses was 
not adequate to cause infection, but we 
have no proof of this conjecture. 

Although our hypothesis is an at- 
tractive explanation for the increased 
incidence of Pseazdomonas keratitis in 
users of extended-wear soft contact 
lenses, it is important to note that we 
have no proof that the cornea became 
hypoxic in our rebbit model. Indeed, it 
is possible that the rabbit sleeps pri- 
marily with open eyes; we have been 
unable to find cefinitive information 
on this point. In any event, the situa- 
tion could be diferent in humans. In 
one study, nocturnal lagophthalmos 
was found in 23% of people with oth- 
erwise normal eyes,” evidence that at 
best, in some, atmospheric oxygen is 
available to the corneal epithelium 
during sleep. Nevertheless, there is 
other evidence of increased corneal 
thickness and increased epithelial lac- 
tate production during sleep in hu- 
mans attributable, at least in part, to 
hypoxia’; it is conceivable that such 
physiological hypoxia could be wors- 
ened by the wearing of a contact lens. 


Pseudomonas Keratitis—Aswad et al 1669 


We acknowledge the fact that our 
model of prolonged lid closure in which 
infection regularly occurred is less of a 
clinical parallel than our open-eye ex- 
periments, which failed to produce in- 
fection. Perhaps, with a larger series, 
an occasional infection might have oc- 
curred with the wearing of a used lens 
in an open eye, thus mimicking the hu- 
man condition more closely. It is also 
conceivable that rabbits, in contrast to 
humans, normally sleep with open eyes 
so that enforced closure of the lids is 
necessary to achieve appreciable hy- 
poxia of the cornea. Prolonged use of 
extended-wear soft contact lenses in 
humans results in infection only 
rarely. If the incidence in animals were 
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The cause for the clinical occurrence 
of Pseudomonas keratitis during ex- 
tended contact lens wear is probably 
multifactorial. We believe that signif- 
icant risk factors include the coatings 
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lenses with prolonged wear and the 
corneal epithelial hypoxia that could 
result from prolonged eyelid closure 
during sleep with a lens in place. 
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Photo Essay 
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Syphilitic Chorioretinitis 





Fig 2.—Fluorescein angiography demonstrates large, patchy, 
geographic hyperfluorescence indicating broad zones of syphi- 


litic inflammation, which extend beyond the lesions seen on 
clinical examination. 





Fig 1.—Yellow, flat chorioretinal lesions are seen with associ- 
ated vascular sheathing. 





Fig 3.—Maculopapular syphilitic eruption involving palms. 





Fig 4.—Maculopapular syphilitic eruption 
involving soles. 
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Fig S.—Zones of alopecia prompted patient to wear a Fig 6.—Painless mucous membrane ulcers 
WN occurred at the corners of patient's mouth. 
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60-year-old woman presented with 

photopsia and blurred vision in her 
left eye. Several months previously, she 
had developed a rash on her extremities 
associated with an apparent allergy to 
intravenous pyelogram dye, and was being 
treated with oral prednisone by a derma- 
tologist. 

Visual acuity measured 6/9 OD and 6/12 
OS. She had 1+ flare and cell with fine 
keratitic precipitates in both eyes. Large, 
pale-yellow areas in the choroid (Fig 1) 
were seen in the equatorial zones of both 
fundi with macular involvement in the left 
eye. Fluorescein angiography highlighted 
the areas of choroidal inflammation (Fig 
2). 

The patient said that in addition to the 
rash (Figs 3 and 4), she had developed hair 
loss (Fig 5) and had been wearing a wig for 
many months. Serum rapid plasma 
reagent and fluorescent treponemal anti- 
body test results were positive (1:512); 
cerebrospinal fluid VDRL test results were 
positive at a 1:2 dilution. 

She was treated with topical 1% pred- 
nisolone acetate along with 4 million U of 
intravenous penicillin G every 6 hours for 
21 days, followed by three weekly intra- 
muscular injections of 4 million U of peni- 
cillin G benzathine. Visual acuity im- 
proved to 6/6 OU, and the choroidal lesions 
resolved within 2 weeks of initial treat- 


ment. 
COMMENT 
Chorioretinitis may be the first 


noted manifestation of syphilis,'* and 
our patient’s visual acuity decrease 
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and photopsia led to the correct diag- 
nosis. Fluorescein angiography often 
demonstrates more diffuse choroidal 
involvement than is suggested by fun- 
dus examination. Iridocyclitis,** sto- 
mal ulcers, rash on the soles and 
palms, and alopecia (Figs 3 through 6) 
are all manifestations of syphilis. 
Acute syphilitic chorioretinitis occurs 
in secondary syphilis in about 5% of 
cases and is bilateral in 50%'*; treat- 
ment with intravenous penicillin for 
10 days followed by weekly intramus- 
cular injections is recommended.’ 
This often leads to prompt resolution 
of both the ocular and systemic signs 
and symptoms. More prolonged intra- 
venous therapy is recommended if the 
cerebrospinal fluid shows a positive 
VDRL titer. 

THOMAS R. FRIBERG, MD 

Pittsburgh, Pa 
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Surgical Techniques 


Dislocated Posterior Chamber Intraocular Lens 


A New Technique of Management 


William E. Smiddy, MD 


e Posterior dislocation of an intraocular 
lens in the vitreous cavity is an uncommon 
but serious complication of the standard 
extracapsular surgical technique for cata- 
ract extraction with intraocular lens im- 
plantation. Described herein is a new tech- 
nique for managing this complication by 
using vitrectomy techniques and scleral 
fixation sutures of the intraocular lens. 
This technique allows permanent, control- 
lable relocation of the intraocular lens and 
avoids trauma to the iris and cornea that 
previous techniques for intraocular lens 
repositioning may induce. 

(Arch Ophthalmol.  1989;107:1678- 
1680) 


[Dislocation of an intraocular lens 

(IOL) into the vitreous cavity is an 
uncommon’ but difficult problem to 
manage. Posterior dislocation of the 
IOL usually occurs at the time of sur- 
gery owing to inadequate zonular and 
capsular support,' but it has been re- 
ported to occur as long as 31 months 
after insertion.2 Some recommend a 
nonsurgical approach to managing 
IOL dislocation because of the diffi- 
culty and hazards of repositioning the 
IOL since the dislocated IOL may be 
well tolerated although optically 
useless.’ Surgical techniques have 
been developed and involve reposition- 
ing the displaced IOL from an 
anterior™ or pars plana approach,®’ 
usually followed by suturing the IOL 
haptic to the iris with use of a modified 
McCannel suturing technique. Precise 
placement of this transcorneal suture, 
which requires capturing the IOL hap- 
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tic blindly within the needle pass, can 
be difficult. A pars plana approach 
with vitrectomy may be preferable 
since vitreoretinal traction is mini- 
mized.*’ 

Scleral sutures for fixation of poste- 
rior chamber implants in the absence 
of posterior capsule have been de- 
scribed.*™ This technique has been 
used for placement of secondary IOLs, 
primary IOL insertion when the pos- 
terior capsule has ruptured, and dur- 
ing aphakic keratoplasty with IOL ex- 
change or secondary insertion. Scleral 
fixation of IOLs by inserting the IOL 
through a pars plana incision has been 
described," but this involves a sizable 
pars plana incision. 

The technique presented herein has 
been developed to combine the advan- 
tages of a pars plana approach to 
repositioning posteriorly dislocated 
IOLs with the advantages of scleral 
fixation sutures. 


SURGICAL TECHNIQUE 


Standard vitrectomy techniques are 
used. A 4-mm infusion cannula is placed 3 
mm posterior to the limbus in the infer- 
otemporal quadrant. Additional conjuncti- 
val incisions are made at the 12- and 6- 
o'clock positions to expose a small portion 
of bare sclera in these meridians. Superior 
sclerotomies are made in the usual fashion 
3mm posterior to the limbus. A vitrectomy 
instrument and an endoilluminator probe 
are inserted and the anterior central vitre- 


ous is excised, mobilizing the implant. A. 


portion of the posterior vitreous is pre- 
served during the repositioning to cushion 
the retina from the IOL. 

A 10-0 polypropylene (Prolene) suture on 
a standard needle (Ethicon, Inc, Somerville, 
NJ, TG160-4) is loaded onto a fine-needle 
holder. The needle is then placed using the 
left hand and inserted in backhand fashion 
1.5 to 2 mm posterior to the limbus in the 
12-0’clock meridian (Fig 1). The internal tip 
of the needle is grasped through the right- 
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hand sclerotomy using Rappazzo forceps. 
Indenting the eye wall with the needle 
holder facilitates visualization of the needle 
in the pupillary space. Using a second pair 
of Rappazzo forceps through the left-hand 
sclerotomy, the needle is rotated 180° and 
regrasped with the left-hand forceps (Fig 
2). The right-hand forceps is then threaded 
through the loop to grasp what will become 
the superior haptic in such a way as to ori- 
ent the posterior chamber implant properly 
(Fig 3). The needle is held with the pair of 
Rappazzo forceps in the right hand and is 
passed back through from internal to ex- 
ternal next to the initial incision. The two 


ends of the suture are temporarily tied, +- 


thereby fixating the superior haptic. 

A similar maneuver is performed for the 
inferior haptic and both sutures are per- 
manently tied (Figs 4 and 5). Leaving the 
suture ends slightly longer than usual will 
prevent their sticking up, eroding through 
the conjunctiva, and becoming a source of 
postoperative irritation. The conjunctiva is 
sewn over the suture sites. 

The vitrectomy instrument is then used 
to excise remaining posterior vitreous. Af- 
ter examination of the fundus periphery for 
360° using scleral depression, the operation 
is terminated in the usual fashion. 


REPORT OF A CASE 


A 71-year-old white man with painless 
progressive loss of vision due to a cataract 
in the right eye for 1 year was no longer able 
to read. Visual acuity was hand motions in 
the right eye and 20/200 OS, also due to a 
cataract. He underwent a right extracap- 
sular extraction with implantation of a 
posterior chamber IOL in the right eye on 
October 10, 1988. Surgery was reported to 
have been complicated by a ruptured poste- 
rior capsule. A limited anterior vitrectomy 
was performed at that time. Adequate 
zonular support was judged to be present so 
that the posterior chamber lens implant 
was inserted posterior to the iris in what 
seemed to be a stable position. The IOL ap- 
peared to be centered intraoperatively. 

On the first postoperative day, the poste- 
rior chamber lens was found to be dislo- 
cated into the posterior chamber. A loop of 
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Fig 1.—Placement of the first polypropylene (Prolene) suture for scleral 


fixation from external to internal transclerally. 





$ 
Fig 2.—Repositioning of the needle inside the eye using two Rappazzo 


forceps. 


the haptic was hooked over the pupillary 
margin inferiorly and there was a moderate 
amount of vitreous hemorrhage inferiorly, 
although the haptic was not in contact with 
the retina. The visual acuity with an 
aphakic cerrection was in the 20/200 range 
during the immediate postoperative 
period. 

On November 4, 1988, the patient under- 
went pars plana vitrectomy with reposi- 
tioning of the IOL using the technique de- 
scribed above. At surgery, inspection of the 
residual capsular shelf was judged not to be 
adequate to support an IOL without suture 
fixation. Six months postoperatively the 
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Fig 3.—Passing of the needle from internal to extermal using Rappazzo 


forceps while simultaneously holding the intraocular ens haptic so as to 
capture it in the loop of the suture. 


implant is centered, and using —2.25 sphere 
+0.75 cylinder at axis 145°, the visual acu- 
ity is 20/40. There is a small amount of 
macular edema. The pupil is round and re- 
active and there is no sign of a retinal break, 
tear, or detachment. The vitreous hemor- 
rhage within the vitreous skirt has cleared. 


COMMENT 


This technique allows for the repo- 
sitioning and fixation of posteriorly 
dislocated IOLs by using scleral fixa- 
tion and pars plana vitrectomy tech- 
niques. No additional anterior inci- 





Fig 4.—Placement of the inferior suture in a similar fashion. 


sions are necessary. Although it may 
not be necessary to tae long-term sta- 
bility of the eye to reposition a poste- 
riorly dislocated IOL, repositioning 
the IOL is recommendable in many 
cases for optimal visual rehabilitation. 
The benefits of performing vitrectomy 
to eliminate vitreeretinal traction 
forces that would be induced by IOL 
repositioning have been noted pre- 
viously.®’ 

The efficacy of plazing a scleral fix- 
ated posterior chamber lens implant 
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Fig 5.—Summary of the technique showing appearance of initial supe- 
rior haptic scleral fixation (top), technique orientation of the instruments 
and the intraocular lens during placement of the inferior suture fixation 
(center), and the final appearance with the inferior and superior haptic 





through anterior segment incisions 
has been demonstrated.*" These tech- 
niques have generally been performed 
during secondary IOL implantation in 
aphakic patients, for primary IOL im- 
plantation after posterior capsule 
rupture,*? or in conjunction with pen- 
etrating keratoplasty." Although 
passage of the scleral suture is blind in 
that the ciliary sulcus cannot be di- 
rectly visualized for precise suture 
placement in all of these techniques, to 
our knowledge, no long-term compli- 
cations have been reported with unin- 
tentional suturing to the ciliary body. 

Previous techniques to reposition 
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posteriorly dislocated IOLs have com- 
bined vitrectomy with the use of a 
modified McCannel suturing tech- 
nique. The McCannel suture may be 
difficult to place owing to the need to 
capture the haptic and the iris in a 
transcorneal pass using a large needle 
connected to 10-0 polypropylene suture 
(Ethicon, CIF-4 needle).*’ This in- 
volves moderate cornea and iris ma- 
nipulation. In addition, it can be diffi- 
cult to place the two iris fixation su- 
tures so that they are diametrically 
opposed—a requirement for a well- 
centered IOL. Furthermere, suturing 
the haptic to the iris may allow for 
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chronic, persistent iris chafing that 
may be associated with chronic cystoid 
macular edema or ocular inflamma- 
tion, although, to our knowledge, this 
has never been proved. 

This technique avoids the necessity 
for iris fixation, allows more precise 
placement of haptic fixation sutures, 
and allows minimal ocular manipula- 
tion while still using vitrectomy tech- 
niques to eliminate vitreoretinal trac- 
tion that might be induced by any 
manipulation of the IOL. Further ex- 
perience is necessary to confirm the 
long-term efficacy of this technique. 
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Reconstruction of Orbital Exenteration Cavities 


The Use cf the Latissimus Dorsi Myocutaneous Free Flap 


Pau! J. Donahue, MD; Stephen L. Liston, MD; David P. Falconer, MD; Jeffrey C. Manlove, MD 


è We report a technique for reconstruc- 
tion of orbital exenteration cavities follow- 
ing irradiatiomusing a free latissimus dorsi 
myecuteneous flap. This technique pre- 
serves the bony structure of the maxilla 
and the function of the infraorbital nerve. 

(Arch Opnthatmol. 1989; 107:1681- 
1683) 


[he surgical treatment of the orbital 
exenteration defect following irra- 
diation presents.a complex reconstruc- 
tive problem. Radical surgical resec- 
tion leaves a large orbital defect, and 
irradiation can lead to difficulty with 
healing, resulting in a chronically in- 
fected exenteration cavity. 

Traditional methods of reconstruc- 
tion include use of the forehead flap, 
deltopectoral flap, and temporalis 
muscle flap. More recently, the use of 
pectoralis major myocutaneous pedi- 
cle flap and trapezius flap has been de- 
scribed. All.of these methods leave un- 
_sightly donor-site defects, while the 
use of locel flaps is precluded in a 
heavily irradiated field. 

The latissimus dorsi myocutaneous 
free flap has several advantages in re- 
construction of head and neck defects. 
Because it is a free microvascular flap 
itcan be transferred to any area of the 
head and neck without regard to local 
tissue vascular changes produced by 
radiation. It can provide up to 20 X 35 
em of tissue coverage with muscle bulk 
and plableskin, or a relatively smaller 
area of skin coverage and muscle bulk 
on a vascular pedicle up to 12 cm long. 

Free flap reconstruction has been 
previously described for facial defects. 
Chicarilli and Lycurgus’ described the 
use of the rectus abdominis myocuta- 
neous flap for obliteration of a large 
defect following cranio-orbital-max- 
illary resection. Baker’ described use 
of the latissimus dorsi free flap in the 
obliteration ofa relatively large defect 
following orbital exenteration and 
maxillectamy in three patients. 
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Schuller’ has described the use of the 
latissimus dorsi pedicle flap for closure 
of a very large defect following hemi- 
facial resection. Jones et al‘ described 
a series of 21 patients with free flap 
reconstruction for extensive craniofa- 
cial defects. This included 4 patients 
with orbital defects in combination 
with cheek, palate, scalp, and maxilla 
defects that were successfully recon- 
structed with latissimus dorsi free 
flaps. 

This article describes the use of the 
latissimus dorsi myocutaneous free 
flap in the treatment of a chronically 
infected post-orbital exenteration de- 
fect in two patients. Both patients had 
undergone prior irradiation and re- 
quired skin and muscle bulk for oblit- 
eration of chronically infected sinuses 
and aesthetic reconstruction of the or- 
bital defect. 


MATERIALS AND METHODS 


The technique of harvesting the latissi- 
mus dorsi flap has been described 
elsewhere’ (Fig 1). The flap can be designed 
anywhere within the myocutaneous terri- 
tory. In both of our patients the muscle was 
harvested on a pedicle from the thoracodor- 
sal artery and vein 2 cm below its junction 
with the axillary artery and vein. This pro- 
vides a pedicle 10 to 12 cm long, with a rel- 
atively large vessel size of 2.5- to 3.5-mm 
diameter. The entire latissimus dorsi mus- 
cle is harvested through an oblique incision 
along the lateral edge of the muscle leading 
into the axilla. An elliptical skin island is 
incorporated into the flap measuring about 
5X6 cm in diameter, approximately the 
size of the orbital defect. The skin island is 
located about 4 cm distal to the point at 
which the vascular pedicle enters the mus- 
cle, in the lateral edge. Following removal 
of the flap, the skin is closed and the muscle 
flap is debulked under the operating 
microscope. 

Whether the original orbital exentera- 
tion was repaired with a split-skin graft or 
allowed to granulate spontaneously, the 
exenteration cavity is prepared by excising 
the epithelial lining from the bony orbital 
wall and, if necessary, the dura. The mu- 
cosal lining of the frontal ethmoid and 
maxillary sinuses is excised (Fig 2). A flap 
of mucosa on the nasal septum is preserved 
and incorporated into a tube, leading from 
the anterior nares into the nasopharynx 
(Fig 3). A Caldwell-Luc window is made 
into the maxillary sinus through a separate 
oral incision with a tunnel made down to a 
separate submandibular incision where the 
facial artery and vein are isolated. 


Following division of the flap pedicle, the 
flap is inset into the orbital defect. The 
pedicle is brought through the Caldwell- 
Luc window and carefully brought through 
the subcutaneous tunnel to its anastomosis 
with the facial vessels. Harvesting the flap 
on a 10- to 12-em pedicle obviates the need 
for interposition vein grafts, and the vessel 
diameter size is an excellent match with the 
facial vessels. The skin island is then tai- 
lored to fit the orbital defect. 


REPORT OF CASES 


Case 1.—A 66-year-old man had a long 
history of locally invasive basal cell carci- 
noma of the left eyelid. He had undergone 
multiple procedures of local excision and a 
full course of 70-Gy external-beam irradia- 
tion. Invasion of the orbit developed and 
was treated by orbital exenteration in 1987. 
The orbital exenteration cavity was reepi- 
thelialized by allowing it to granulate spon- 
taneously. He subsequently developed a 
chronic Staphylococcus aureus infection of 
the exenteration cavity, unsuccessfully 
treated with a 6-menth course of oral anti- 
biotics and daily lavage of the orbital defect 
(Fig 4). 

Before reconstruction, a Mohs’ study of 
the mucosa of the exenteration cavity was 
performed to rule out residual basal cell 
carcinoma. Reconstruction was performed 
with a latissimus dorsi myocutaneous free 
flap in April 1988. The chronically infected 
mucosa from the frontal, ethmoid, and 
maxillary sinuses was excised with recon- 
struction of a nasal airway. The vascular 
pedicle measured 10 cm in length and was 
anastomosed to the facial artery and vein. 


Wf 
Yj | Thoracodorsal 





Fig 1.—Technique of harvesting a latissimus 
dorsi myocutaneous free flap. 
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Fig 2.—Anteroposterior diagrams of the technique of using latissimus dorsi myocutaneous free flap to reconstruct an or- 
bital exenteration activity. Note that a patent nasal airway is formed and that the infraorbital nerve is preserved. 


Fig 3.—A lateral diagram showing the course 
of the latissimus dorsi myocutaneous free flap 
through the orbit, maxillary sinus, and cheek to 
reach the site of the microvascular anastomo- 
sis with the facial vessels. 


The free flap healed primarly (Fig 5). The 
patient no longer requires antibiotic treat- 
ment for the infected sinuses. On January 
25, 1988, the flap was secondarily “defatted” 
to produce a concave defect, which is being 
refitted with an ocular prosthesis. 

CASE 2.—An 8-year-old girl presented 
with rhabdomyosarcoma of the orbit diag- 
nosed in 1983. She received chemotherapy 
and 50.75 Gy of external-beam irradiation 
but had a recurrence requiring orbital ex- 
enteration in December 1986. The orbital 
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Fig 4.—Case 1. The orbital exenteration cavity before reconstruction. 


exenteration cavity was reepithelialized by 
allowing it to granulate spontaneously. She 
underwent a second course of 30 Gy of irra- 
diation using radium seeds implanted into 
a custom-fitted prosthesis.” She remained 
tumor free over the following 20 months. 
She did, however, suffer chronically in- 
fected maxillary and ethmoid sinuses with 
an ethmoid-cutaneous fistula (Fig 6). 

She underwent reconstruction with a la- 
tissimus dorsi myocutaneous free flap in 
August 1988. The maxillary and ethmoid 
sinus mucosa was excised with reconstruc- 
tion of a nasal airway using septal mucosa. 
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The flap skin island measures 5 X 6 em in 
diameter with an 8-cm vascular pedicle (Fig 
7), which was anastomosed to the facial 
vessels. She has had primary healing of the 
flap with no recurrent infections and no no- 
ticeable donor-site problems. She has been 
extremely happy with the results of her 
surgery (Fig 8). 


COMMENT 


The free latissimus dorsi myocuta- 
neous flap is an effective method of re- 
constructing orbital defects. The mus- 
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Fig §.—Case 1_The orbit following reconstruc- 
tion. 
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Fig 6.—Case 2. The orbital exenteration cav- 
ity before reconstruction. 





Fig 7.—Case 2. The latissimus dorsi myocutaneous free flap and its vascular pedicle. 


cle bulk of the fap provides tissue to 
fill theorbital cavity, obliterate chron- 
ically infected sinuses, and augment 
bone deficiencies of the face that de- 
velop in a grewing child following 
irradiation. Previous reports have de- 
scribed its use for obliterating large 
defects following radical surgery. We 
have found it to be equally effective in 
the smaller orbital exenteration de- 
fect, following debulking of the muscle 
under the microscope. 

There is an important difference in 
the technicue we describe as opposed 
te the technique described after radi- 
cal maxillectomy by Baker’ and Jones 
et al.* In our two cases, the bony max- 
ila was present and we were able to 
preserve the alveolus, hard palate, the 
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bony facial contour of the cheek, and 
the infraorbital rim as well as the sen- 
sation in the area supplied by the 
infraorbital nerve. 

The latissimus dorsi free flap has 
other advantages, including a long 
pedicle length that obviates interposi- 
tion vein grafts and is an excellent size 
match with the facial vessels. Its use 
does not produce a functionally notice- 
able defect in use of the arm in most 
patients.* The donor-site scar is not 
noticeable to most patients and can be 
hidden beneath the bra line in young 
females. 

Disadvantages to this flap include an 
intraoperative position change, fol- 
lowing the ablative phase of the proce- 
dure. The position change with prepa- 





Fig 8.—Case 2. The osbit following reconstruc- 
tion. 


ration and draping does add operative 
time. We have not found excessive 
muscle bulk to be a problem, if the 
muscle flap is carefully dissected and 
debulked under the operating micro- 
scope. 

The latissimus dorsi myocutaneous 
free flap was the first of its kind de- 
scribed and is the one most commonly 
used. Its large size and pedicle length 
provide it with a great deal of versatil- 
ity in the coverage of both large and 
small facial defects in situations 
where much bulk is desirable. We rec- 
ommend this technique to provide ex- 
cellent skin coverage and muscle bulk 
for obliteration of orbital exenteration 
defects following curative resection of 
locally invasive tumors. 


We would like to acknowledge the help received 
from Richard P. Carrdll, MD, John R. Priest, MD, 
Todd W. Lund, DDS, MS, and Marian R. Ruben- 
feld, MD. 


References 


1. Chicarilli ZN, Lyeurgus MD. Rectus abdomi- 
nis myocutaneous free flapreconstruction follow- 
ing a cranio-orbital-maxillary resection for neu- 
rofibrosarcoma. Plast Reconstr Surg. 1987;80:726- 
731. 

2. Baker SR. Closure of large orbital-maxillary 
defects with free latissimus dorsi myocutaneous 
flaps. Head Neck Surg. 1984;6:828-835. 

3. Schuller DE. Letissimus dorsi myocutane- 
ous flap for massive facial defects. Arch Otolaryn- 
gol Head Neck Surg. 1982:108:414-417. 

4. Jones NF, Hardesty RA, Swartz WM, et al. 
Extensive and complex defects of the scalp, mid- 
dle third of the face, and palate: the role of micro- 
surgical reconstruction. Plast Reconstr Surg. 
1988;82:937-950. 

5. Maxwell GP, Stueber K, Hoopes JE. A free 
latissimus dorsi myoeutaneous flap: a case report. 
Plast Reconstr Surg. 1978:62:462-466. 

6. Tobin GR, Moberg AW, DuBou RH, Weiner 
LJ, Bland KI. The split latissimus dorsi myocuta- 
neous flap. Am Plast Surg 1981;7:272-280. 

7. Kim TH, Gerbi BJ, Deibel FC, Priest JR, 
Khan FM. An afterleading brachy therapy device 
utilizing low temperature plastic. Radiother On- 
col. In press. 

8. Laitung JKL, Pech F. Shoulder function fol- 
lowing loss of the letissimus dorsi muscle. Br J 
Plast Surg. 1985;38:275-379. 


Cavity Reconstructian—Donahue et al 1683 





Volume Augmentation of the Anophthalmic Orbit 
With Cross-linked Collagen (Zyplast) 


Kenneth V. Cahill, MD, John A. Burns, MD 


è Injectable glutaraldehyde cross- 
linked collagen (Zyplast) has been used to 
augment the soft-tissue volume of the 
anophthalmic sockets of five patients. Fol- 
low-up of more than 1 year has demon- 
strated that this material can be used 
safely with long-lasting results. Enophthal- 
mos and pseudoptosis were treated by in- 
jecting Zyplast transconjunctivally into the 
muscle cone. Superior sulcus deepening 
was treated by injecting Zyplast transcu- 
taneously into the superior extraconal fat 
posterior to the orbital septum (‘‘preapo- 
neurotic fat pad’’). In some cases the size 
of the ocular prosthesis required can be 
decreased. Surgical volume augmentation 
of the socket and superior sulcus was 
averted in all five patients. 

(Arch Ophthalmol. 1989;107:1684- 
1686) 


Volume replacement is necessary to 

rehabilitate an  anophthalmic 
socket. Typically, this is achieved by 
the surgical placement of an orbital 
implant at enucleation followed by the 
fitting of an external ocular prosthesis 
that rests in the conjunctival cul-de- 
sacs. If adequate volume replacement 
is not present, the patient may exhibit 
enophthalmos, pseudoptosis, or deep- 
ening of the superior eyelid sulcus. In 
some cases the lack of volume replace- 
ment can be adequately corrected by 
utilizing a larger ocular prosthesis. If 
this is unsatisfactory, many surgical 
procedures have been proposed to add 
orbital volume, including implanta- 
tion of various-shaped devices com- 
posed of glass, polymethylmethacry- 
late, Teflon, stainless steel, and sili- 
cone.'* Autogenous grafts composed of 
dermis, fat, bone, and cartilage have 
also been utilized.** The desirability of 
increasing orbital volume without sub- 
jecting the patient to a surgical proce- 
dure is recognized. Orbital injections 
of silicone, autogenous fat, and non- 
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cross-linked homologous collagen have 
been attempted.*!? Injectable silicone 
has not been approved by the Food and 
Drug Administration (FDA). Re- 
ported complications have been migra- 
tion, extrusion, and tissue inflamma- 
tion. It seems that many of these com- 
plications are due to excessive 
injection volumes and to the use of 
nonmedical grades of silicone. Au- 
togenous fat globules and homologous 
non-cross-linked collagen have been 
unsatisfactory because of their high 
rates of resorption. 

Glutaraldehyde cross-linked colla- 
gen (Zyplast) has been utilized as an 
injectable form of soft-tissue augmen- 
tation in intradermal and subcutane- 
ous applications. It has been shown to 
have a low rate of inducing tissue 
inflammation and of resorption.'*'* Its 
use in the orbital region has been 
avoided because of the risk of occlusion 
of blood vessels supplying the globe, 
with subsequent visual damage (T. 
Parkinson, PhD, Collagen Corp, writ- 
ten communication, Mareh 3, 1983). 
In cases of anophthalmos, this compli- 
cation is not a risk. Zyplast seems to be 
a suitable material for injection into 
an anophthalmic socket requiring ad- 
ditional volume. 


PATIENTS AND METHODS 


This study was performed under FDA- 
approved investigational device exemption 
G0860102. The patients in this study had 
previously undergone enucleation of an eye, 
and optimal prosthetic rehabilitation could 
not be achieved because of lack of tissue 
volume in the anophthalmic socket. Con- 
sultation with ocularists was obtained to 
ensure that an optimal ocular prosthesis 
had been utilized. Some of the patients had 
not undergone orbital implantation or had 
experienced extrusion of their orbital im- 
plant. Patients were given their choice of 
having no treatment, surgica! orbital vol- 
ume augmentation, or participating in this 
investigative study utilizing injectable aug- 
mentation. 

The protocol utilized for exemption 
G0860102 involved medical reviews for sys- 
temic inflammatory disorders, drug aller- 
gies, and history of sensitivity to collagen 
products. Pretreatment evaluations in- 
cluded assessment of the vertical eyelid fis- 
sures, the ocular prosthesis, exophthal- 
mometry, any orbital prosthesis present, 
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and the conjunctival socket surface and 
contour. Informed consent was obtained, 
and pretreatment photographs were taken. 
A collagen skin test was placed, which was 
monitored for 1 month. Trial injections of 
saline into the orbital tissues were per- 
formed to estimate the volume of injectable 
collagen that would be required to achieve 


the desired volume augmentation. Injew=- 


tions were made transconjunctivally into 
the region of the rectus muscle cone for 
correction of enophthalmos. Transcutane- 
ous injections through the orbital septum 
into the superior extraconal fat were made 
for correction of superior sulcus deepening. 
Commercially available 0.8-mL syringes of 
Zyplast with 1.6-cm, 26-gauge sharp-point 
hypodermic needles were utilized. The 
amount of Zyplast injected in a single 
treatment session ranged from 1.6 to 4.0 mL 
(mean, 2.3 mL) for the muscle cone and 
from 0.8 to 1.6 mL (mean, 1.1 mL) for the 
superior sulcus. Additional Zyplast injec- 
tions were performed at intervals of no 
fewer than 30 days. The eye socket param- 
eters evaluated before treatment were 
monitored throughout the treatment ses- 
sions and during posttreatment follow-up. 
Five patients were enrolled in this study. 
Each patient has been followed up for more 
than 1 year after the final Zyplast injection. 


REPORT OF A CASE 


A 57-year-old woman had undergone an 
enucleation of her blind, painful right eye at 
age 13 years. A severe neonatal ocular 
infection was the original cause of visual 
loss. No orbital implant was placed at enu- 
cleation. Over a period of years, the patient 
became aware of increasing enophthalmos 
and depth of the right upper eyelid sulcus 
that could only partially be alleviated by 
modification of her prosthesis. The inferior 
cul-de-sac was also gradually lost, and she 
became unable to retain the prosthesis (Fig 
1). A cul-de-sac reconstruction was per- 
formed so that the prosthesis could be 
retained. Zyplast injections were per- 
formed according to protocol. Zyplast vol- 
umes of 4.0 and 2.4 mL were injected 
transconjunctivally in the superior and 
temporal aspects of the muscle cone tissue 
in two treatment sessions 1 month apart. 
Her right exophthalmometry readings in- 
creased from 9.0 to 12.0 mm wearing the 
same prosthesis (Fig 2). Two Zyplast injec- 
tions of 0.8 mL each were made 1 month 
apart in the superior orbital fat posterior to 
the orbital septum using a transcutaneous 
approach. This corrected the superior sul- 
cus deepening without changing her exoph- 
thalmometry readings (Fig 3). Her muscle 
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cone and superior sulcus volume augmen- 
tatien from Zyplast have remained stable 
for 12 menths. 


RESULTS 


Nocomplications attributable to the 
Zyplast material have been noted dur- 
ing this study. 

One to fourinjection sessions (mean, 
2.0) were utilized for Zyplast injection 
in these five patients (Table). The total 
amount of Zyplast injected into the 
muscle cone ranged from 1.6 to 6.4 mL 
(mean, 3.2 mL). The total amount of 
Zyplast injected into the superior sul- 
cus was 1.6 mL for each patient. Vol- 
ume augmentation achieved with Zy- 
plast stabilized within 30 days follow- 
ing the injection,and in all cases it was 


+S possible to-deerease the appearance of 


enophthalmes and of superior eyelid 
sulcus deepening. In four of the five 
cases it was possible to decrease the 
size of the ocular prosthesis, which was 
found to be beneficial in diminishing 
downward displacement of the lower 
eyelid and for improving motility of 
the ocular prosthesis. Final exophthal- 
mometry readings of the optimally fit 
ocular prosthes:s ranged from being 
symmetric with the patient’s remain- 
ing eye to 3 mm less than the remain- 


ing eye. 
COMMENT 


Patients who have lost an eye are 
subject to a unique set of problems to 
achieve optimum rehabilitation. In- 
adequate orbital volume replacement 
continues to be one of these problems. 
Many typessof erbital volume replace- 
ment have been utilized at the time of 
enucleation to try to prevent this from 
occurring. Subsequent extrusion of an 
orbital implant, orbital fat atrophy, 
and blowout fractures of the orbital 


Nature of 
Problem 








Fig 1.—Right ocular prosthesis enophthalmos, superior sulcus deepening, and loss of inferior cul- 
de-sac with instability of the lower edge of the ocular prosthesis. 





Fig 2.—Right ocular prosthesis enophthalmos has been eliminated with cross-linked collagen 
(Zyplast) injections into the muscle cone. A right inferior cul-de-sac deepening procedure has been 
performed. One month has elapsed since the muscle cone injections. 





Fig 3.—Right superior sulcus deepening has been corrected with cross-linked collagen (Zyplast) 
injections into the superior extraconal fat. Twelve months have elapsed since the final Zyplast in- 
jection. The original ocular prosthesis was used in this figure for demonstration purposes. 


Long-term 
Increase in 


Placement of No. of Injection Exophthalmometry, 
Injection Injections Volume, mL mm Overall Result 


Enophthalmos Muscle cone : À Elimination of enophthalmos 
Deeressed superior sulcus Preaponeurotic fat pad : Elimination of superior sulcus 


depression 


Enophthalmos and depressed Muscle cone j ; Elimination of enophthalmos 


‘supermor sulcus 


and @epressed superior 
sulcus 


ane decreased superior 


sulcus depression 
Enephtkalmos, pseudoptosis, Muscle cone F i Elimination of enophthalmos 


and decreased pseudoptosis 


Depressed superior sulcus and Preaponeurotic fat pad j Decreasec superior sulcus 


pseudoptosis 


depression and no effect on 
pseudoptosis 


Enophthalmos and mildly Muscle cone superior to ‘ , Elimimation of enophthalmos 
depressed superior sulcus spherical orbital implant and superior sulcus 


desression 


5 Enoshthalmos and mildly Muscle cone f d Decreased enophthalmos and 


depressed superior sulcus 





Arch Ophthaimo!—Vol 107, November 1989 


superior sulcus depression 
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walls may still leave the patient with 
inadequate orbital volume. Secondary 
implants to the orbit can be performed 
using various materials. A variety of 
these techniques have proved suc- 
cessful.'’ Their disadvantage is that 
they require surgical intervention, 
risk of infection, risk of extrusion, and 
a period of rehabilitation between 1 
and 3 months before an ocular pros- 
thesis can be refit. 

There are many obvious advantages 
of injectable volume augmentation of 
the anophthalmic socket, including de- 
creased surgical morbidity, rapid re- 
habilitation, and the option to perform 
sequential augmentation. No orbital 
volume augmentation material has 
been approved. 

Zyplast has been shown to be a safe 
material for intradermal and subcuta- 
neous soft-tissue volume augmenta- 
tion, with a more persistent effect in 
dermatologic applications than earlier 
forms of injectable collagen uti- 
lized.'*!”!8 When it has been used to try 
to eliminate wrinkles, its effect has not 
been permanent. It is not always ap- 
parent whether this loss of effect in 
eliminating wrinkles is due to resorp- 
tion of the collagen tissue or whether 
there is some reorganization of the 
tissue along the lines of force of a skin 
crease.” The limited motility of orbital 
structures minimizes the potential for 
Zyplast tissue reorientation. In this 
study, the measurement of exophthal- 
mometry readings, eyelid fissure di- 
mensions, and external appearance 
monitored by photography all docu- 
mented that after the first 30 days af- 
ter Zyplast injection, there seemed to 
be remarkable stability of the orbital 
volume augmentation. The appearance 
of enophthalmos could be effectively 
eliminated by transconjunctival injec- 
tions of Zyplast into the muscle cone 
tissue. 

Orbital tissues frequently appear to 
“sag” in the anophthalmic orbit. A 
deepened superior recess is often 
present in the socket immediately in- 
ferior to the levator muscle complex 
and may occur even if an orbital im- 
plant is present. For this reason, 
transconjunctival injections were gen- 
erally made into the superior aspect of 
the socket inferior to the levator mus- 
cle. If an orbital implant were present, 
the injection was generally made su- 
perior or temporal to the orbital im- 
plant. An optimal cosmetic appear- 


ance was not found to be dependent on 
symmetric exophthalmometry read- 
ings. If the exophthalmometry reading 
of the ocular prosthesis was greater 
than that of the fellow eye after saline 
injection, an appearance suggestive of 
exophthalmos, eyelid retraction, and 
impaired motility was likely to occur. 
When optimal cosmetic results were 
achieved, the exophthalmometry read- 
ing of the prosthetic eye ranged from 
symmetric with the fellow eye to as 
much as 3 mm of enophthalmos. 

Correction of superior eyelid sulcus 
deepening was usually not achieved as 
a result of the volume augmentation of 
the muscle cone region. To correct the 
superior eyelid sulcus deformity, trans- 
cutaneous injections into the superior 
extraconal orbital fat were required. 
Trial injections of saline in this region 
were important. Several patients con- 
sidered for this study were found to 
have significant ptosis after the saline 
injections. For this reason they were 
not enrolled in this study. When the 
saline injection did not result in ptosis, 
the Zyplast injections did not produce 
ptosis. In these cases, the Zyplast was 
effective in eliminating the superior 
sulcus deformity. 

In four of the five patients treated, 
the size of the ocular prosthesis was 
decreased following augmentation of 
their orbital tissue volume. In these 
four patients, it was thought that 
downward displacement of the lower 
eyelid and ocular prosthesis motility 
were improved. 

The results of this series of patients 
treated with Zyplast for orbital vol- 
ume augmentation show that Zyplast 
can be a safe, effective material for 
nonsurgical orbital volume augmenta- 
tion. Elimination of an appearance of 
enophthalmos and superior eyelid sul- 
cus deepening is beneficial for these 
patients. The ability to decrease the 
size of the ocular prosthesis necessary 
is advantageous to minimize down- 
ward displacement of the lower eyelid, 
to improve motility, and to minimize 
chances for subsequent lower eyelid 
laxity and inferior conjunctival fornix 
compromise. Continued study of these 
patients will enable us to ascertain if 
the volume augmentation effect of Zy- 
plast is stable for longer than 1 year. 
Even if some of the volume effect of 
Zyplast is lost for a longer period, it 
may still be an effective modality since 
subsequent injections can be made. 
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The ability to utilize Zyplast augmen- 
tation in a stepwise fashion could bean 
asset for patients who demonstrate 
slowly progressive orbital fat atrophy. 


The Zyplast used in this study was provided by 
Collagen Corp, Palo Alte, Calif. 

The authors have no financial, commercial, or 
proprietary interest in Zyplast or the Collagen 
Corp. 
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New Instrument 


A Combination Pick and Flute Needle 


Gholam A. Peyman, MD 


è | have developed a flute-pick for peel- 


king preretinal membranes in the presence 


of surface or irtravitreal hemorrhages. 
(Arch Ophthalmol. 1989; 107:1687) 


uring vitreous surgery, especially 

in peeling the preretinal mem- 
branes in dicbetic patients, one en- 
counters disterbing hemorrhages that 
canobscure the surgeon’s view. A hem- 
orrhage can diffuse in the vitreous 
cavity or lie cn the surface of the ret- 
ina. To clear ais er her view, the oper- 
ator has to exchange the membrane- 
pick with a flute needle or a vitrectomy 
_instrument o aspirate the hemor- 
rhage. To eliminate this exchange of 
instrumentaton during this proce- 
dure, I have «eveloped a flute-pick—a 
combination membrane-pick and flute 
needle. 


INSTRUMENTATION 


A 20-gauge needle (3.8 cm) is 
mounted on = tuberculin syringe. The 
plunger of tle syringe is withdrawn 
for a distance of 2 cm. At a distance of 
1 em from the hub of the syringe, using 
a disposable qutery, a3-mm-diameter 
hole is bored n tke body of the syringe. 
Then the tip of the sharp disposable 
20-zauge needle is grasped with a nee- 
dle holder ard bent to a desired angle 
of 30° to 80° as needed. This system 
now werks =s a fiute-pick. Alterna- 
tively, ene may use the body of a flute 
needie!2 combined with a sharp dispos- 
able 3.8-cm-bng 20-gauge needle and 
modify it as leseribed above (Figure). 


COMMENT 


Multifunction instruments have be- 
come an indi-persable part of vitreous 
surgery.** They eliminate the need for 
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repeated exchange of one instrument 
for another. 

In spite of the availability of com- 
mercial membrane picks,‘ the bent-tip 
disposable 20-gauge needle represents 
the cheapest and most easily available 
instrument for peeling preretinal 
membranes. Combining the needle 


Flute-pick. Left, Bent-tip disposable 3.8-cm-in- 
long 20-gauge needle positioned next to a dis- 
posable tuberculin syringe. Center, Bent-tip 
disposable needle is mounted on the modified 
tuberculin syringe to function as a flute needle. 
Right, Bent-tip 20-gauge needle mounted on 
the body of a flute needle. 





with a flute needle or on a tuberculin 
syringe modified to function as a flute 
needle would give the surgeon the 
choice of using this mstrument as a 
pick or flute needle. In addition, this 
system can be used as a tissue manip- 
ulator. When the surgeon releases the 
exit port of the flute needle, suction is 
created in the instrument, which at- 
tracts membrane or other intraocular 
tissue to be manipulated in the desired 
direction. Alternatively, loose mem- 
brane or cut pieces of biopsy tissue can 
be aspirated in the needle and trapped 
in the lower part of the syringe. The 
tissue can be retrieved by forcing the 
plunger down the syringe, while clos- 
ing the opening hole on the syringe 
body. In this manner, the biopsy spec- 
imen can be ejected into a prepared 
container. 

I have used this combination pick 
and flute needle in more than 20 vi- 
trectomies and preretinal membrane 
peelings with satisfactory results. It 
should be understood that this system 
does not replace a regular flute needle 
using a rounded-tip cannula for drain- 
age of subretinal fluid. 


This study was supported in part by Public 
Health Service grant EYO 2377 from the National 
Eye Institute, Nationa. Institutes of Health, Be- 
thesda, Md. 

The author does not have a proprietary interest 
in this instrument. 
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Ophthalmology in Other Countries 
Beef dats akhna dP tele thats Setter thae dee lhc 


Ophthalmology in Tanzania 


T he United Republic of Tanzania, including the islands of 
Pemba and Zanzibar, is situated on the East African 
coast, south of Kenya and north of Mozambique. The pop- 
ulation is derived from more than 100 different ethnic 
(tribal) groups and is estimated at 23 million people, 
approximately one tenth that of the United States. 

Tanzania has an area of almost 1 million km? The 
geography consists of 800 km of coastline, rising to a 
central savannah plateau of 1000 to 1500 m. The western 
edge of the rift valley forms Lake Tanganyika, Lake 
Malawi, and the southern part of Lake Victoria in the east 
of the country, producing borders with Malawi, Zaire, and 
Uganda. The Livingstone mountains rise more than 2000 m 
in the south, and Mount Kilimanjaro at 5400 m is the 
highest mountain in Africa, at Moshi in the north of the 
country. Tanzania gained independence in 1961; since then, 
under the socialist party government of Chama Cha 
Mapinduzi, education, health, and improved water services 
to the rural population have been emphasized. 


OPHTHALMIC PROBLEMS 


To my knowledge, no nationwide survey of blindness has 
been conducted in Tanzania, but studies in the central 
region estimate the prevalence of blindness in a poor rural 
population to be 1.6%.' A reasonable estimate for blind- 
ness (binocular visual acuity <20/400) throughout the 
country is 1% (or 230000 blind people), with a further 1% 
(or 230000 people) having a severe visual handicap (binoc- 
ular visual acuity <20/200 but >20/400). The major causes 
of adult blindness are cataract (59% ), corneal scar (18%), 
and chronic glaucoma (15% ), while childhood blindness is 
due to measles and vitamin A deficiency (50% ), the use of 
harmful traditional eye medicines (17% ), and developmen- 
tal cataract (18% ) (Fig 1). 


MEDICAL AND OPHTHALMIC SERVICES 


Medical care in Tanzania is provided by the government 
that charges no fees and by voluntary agencies (mainly the 
churches) that charge nominal fees. Tertiary referral cen- 
ters are located in Dar es Salaam, Mbeya, Mwanza, and 
Moshi (Fig 2). These provide specialist consultant services 
in most disciplines of medical care. Each of the 20 regions 
has a central hospital of 150 to 300 beds with some special- 
ists. Within each region three to five district hospitals are 
staffed by general medical practitioners. Each district hos- 


1688 = Arch Ophthalmol—Vvol 107, November 1989 


S1 


pital provides medical care for approximately 250000 peo- 
ple. Health centers, usually with 10 to 20 beds, are staffed 
by medical assistants, and within each district there are two 
to five health centers. 

Eighty percent of Tanzania’s population live in rural 
areas, consisting of an estimated 9000 villages of which 
more than 2600 have a dispensary with a trained Rural 
Medical Aide providing primary medical care. The infant 
mortality rate (younger than 1 year) is 111 per 1000 
livebirths, the child mortality rate (younger than 5 years) 
is 182 per 1000 livebirths, and the annual population growth 
rate is 3.4%.5 

There are 15 ophthalmologists (of whom 5 are non-Tan- 
zanian) in eight locations. This compares with more than 
12000 in the United States. They are supported by approx- 
imately 35 Assistant Medical Officers in Ophthalmology 
(AMOOs) who work in the regional hospitals and more than 
100 ophthalmic nurses. There is now also a training pro- 
gram for opticians who work with the ophthalmologists and 
AMOOs (Fig 3). 


TRAINING PROGRAMS 


Tanzania has one medical school in Dar es Salaam 
producing up to 50 physicians per year. The ophthalmology 
department has a 3-year residency program but because of 
limited facilities and staff, only 1 or 2 ophthalmologists 
are able to be trained each year. ` 

A training program for AMOOs started at Moshi in 1976. 
After a 3-year general medical training and at least 3 
years’ work experience as a medical assistant, they receive 
a further 18 months general medical training. They are 
then called Assistant Medical Officers and some may 
choose to specialize and take a further l-year training in 
ophthalmology, thus becoming AMOQs. Four or five 
AMOOs are trained each year in all aspects of the diagno- 
sis and management of common eye problems, including 
refraction and eyelid surgery. They are not taught cataract 
surgery initially, although selected AMOOs who show a 
good aptitude for surgery may undergo a further 6-month 
to 1-year training, at a later date, in intracapsular cataract 
surgery for senile cataract. This “cataraet training” must 
include at least 100 cataract operations performed under 
the supervision of an experienced ophthalmologist. 

Ophthalmologists are usually posted in the four main 
referral hospitals or in regional hospitals in the large 
cities. In contrast, AMOOs form the backbone of the eye 
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Fig 1.—Left, Causes of blindness in 72 Tanzanian children (O to 19 years). Right, Causes of 
blindness in 1155 Tanzanian adults (20 years or older). 
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Fig 2.—Map of Tanzania showing government referral hospi- 
tals. 


service in the more peripheral parts of the country where 
they wor as the eye doctors in the regional hospitals. The 
AMO0Os are supervised by regular visits from ophthalmol- 
ogists wherever this is practical. 

An 18-month training program for nurses in ophthal- 
mology is conducted at Moshi. This includes training in 
general nursing technique and administration as well as 
specialist training in eye disease. This program, started in 
1978, trains 20 to 25 nurses every 18 months. The nurses 
assist ophthalmologists and AMOOs and may also manage 
eye clinics in district hospitals. An informal 3-month 
course for murses is conducted three times yearly at Mvumi 
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Fig 3.—Medical/eye services in Tanzania in 1986. AMOO 
indicates Assistant Medical Officer in Gphthalmology. 


Mission Hospital. Many nurses complete this course before 
entering the government 18-month training. 

In 1982 a 3-year training program for opticians was 
started in Moshi. Students receive tuition in manufactur- 
ing and dispensing spectacles as well as elinical refrac- 
tion. 


PREVENTION OF BLINDNESS PROGRAM 


In 1982 the Ministry of Health reinitiated the National 
Prevention of Blindness Program consisting of govern- 
ment and voluntary agency representatives who work 
together as an advisory committee te the Ministry of 
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Health regarding eye services and prevention of blindness. 
In 1985 the committee formulated a 5-year program aimed 
at reducing the amount of avoidable blindness by encour- 
aging the training of more eye workers at all levels while 
maximizing the use of available resources by using appro- 
priate technology. 

It is estimated that more than 100000 people are blind 
from cataract in Tanzania. In 1984, however, less than 3000 
cataract operations were performed in the country com- 
pared with more than 600000 yearly in the United States. 
The majority of cataract operations are performed by the 
intracapsular technique, and the aphakia is corrected by 
standard +10.00 spectacles. 

By training selected AMOOs in cataract surgery and by 
mobilizing ophthalmologists to visit peripheral areas of 
Tanzania, it is hoped that a more widespread surgical 
service will result in an increase in community awareness, 
more cataract operations, and a reduction in cataract 
blindness. 


SPECTACLES AND EYE MEDICINES 


Tanzania has an 80% to 90% literacy rate, resulting in a 
great demand for reading spectacles and other types of 
spectacles. In an effort to provide spectacles where they are 
needed at a cost that most people can afford (the average 
yearly income in Tanzania is $240 compared with $14110in 
the United States‘), small-scale optical workshops have 
been developed. Employing three or four locally trained 
people and using semifinished or finished spherical blanks, 
each of these workshops can make several thousand pairs 
of presbyopic or aphakic spectacles yearly at a cost of less 
than $5 each. 

Tanzania has limited foreign exchange with which to 
purchase Western medicines. Therefore, to maximize cost- 
effectiveness, a list of essential drugs has been developed 
(including a few ophthalmic preparations); these drugs are 
then purchased from overseas. Pharmacists in regional 
and voluntary agency hospitals have been trained to 
manufacture eye drops locally from the raw powders (eg, 


chloramphenicol, tetracaine [amethocaine] hydrochloride, 
and atropine eye drops); this ensures that medicines are 
available at affordable prices. 


PAST AND FUTURE 


In 1975 there were 5 ophthalmologists in Tanzania and ` 
no paramedical eye workers. Today there are 15 ophthal- 
mologists, 35 AMOOs, more than 100 ophthalmic nurses, 
and more than 25 opticians. Tanzania has made tremen- 
dous efforts to train its people within its country in 
methods that are appropriate to the local problems and to 
the available resources. However, major problems still 
remain. The backlog of blindness due to cataract is increas- 
ing. Major efforts to prevent blindness from trachoma, 
vitamin A deficiency, and measles are needed at the 
primary health care level; however, there is still a shortage 
of eye instruments, medicines, and spectacles. The contri- 
bution of Joseph Taylor, MD, who for more than 35 years 
has worked in Tanzania, first as a general surgeon and then | 
for 20 years as an ophthalmologist and medical consultant~’ 
for Christian Blind Mission International, must be 
acknowledged. His enthusiasm germinated the programs 
for training paramedical eye workers, the manufacture of 
low-cost spectacles, and the local production of eye drops, 
all of which he has followed through to development. 

Much has been achieved in the past 15 years, but much 
work still needs to be done. If cooperation between the 
nongovernmental organizations and the Ministry of 
Health can continue, coordinated by the National Preven- 
tion of Blindness Committee, then it is to be expected that 
eye care services will continue to improve with a conse- 
quent reduction in unnecessary blindness. 


ALLEN Foster, FRCS 
London, England 


The Tanzanian Prevention of Blindness Committee, Ministry of Health 
(Tanzania), Royal Commonwealth Society for the Blind (United Kingdom), 
and Christoffel Blindenmission (West Germany) gave assistance and 
support in developing eye care services in Tanzania. 
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GRADUATE. 


A knowang glance, a tilt of the head—these wont 
give the Future Focus graduate away. No, you'll 
recognize this physician by how he or she identi- 
fies practice opportunities, manages staff and 
makes the tough business decisions without 
delay. 
es 

Only a sampling of the differences you might see 
from Future Focus—a business and career plan- 
ning pregram for residents and fellows. 
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In weekend seminars in Chicago, April 29-30; 
Atlanta, September 16-17; New York, September 
23-24: New Orleans, October 28: and Newport 
Beach, California, November 1849 youll learn, 
among other things, what the driving forces are in 
the health care system today and how to position 
yourself for financial survival. 


ie. 
Call 1(800) 877-6240 for a free brochure or ask 
your Allergan representative about Future Focus. 


Future Focus. It’s just what you need to stand out from the crowd. 


=æ FUTURE FOCUS 


A service of Allergan Pharmaceuticals 
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Continuing Medical Education 
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Continuing Education for Ophthalmologists 


This list of continuing education opportunities for ophthalmologists is published 
monthly as a service to readers to help them keep abreast of meetings and courses of 
interest and importance. Presented by regional and national location, the list is updated 
monthly and provides an easy reference to continu ing medical education (CME) courses. 


Accredited sponsors are encouraged to notify the ARCHIVES of upcoming CME activities for 
inclusion in the list free of charge. Listings will be published for 3 consecutive months and 
should be received at least 5 months prior to date of course, eg, for a June course by Jan 
1 to be included in the March, April, and May issues. A course held between the first and 
14th days, inclusively, will appear in the preceding month's issue. The listing cannot be 
published unless it contains the following information: title, location, date(s), sponsor(s), 
and contact address. Optional information includes CME category 1 hours of instruction, 


registration fee, and guest speakers. Listings 
and right margins. Send submissions to Anne 
600 N Wolfe St, Baltimore, MD 21205. Reade 


sponsor for more detailed information. 


ARIZONA 


16th Ann Frontiers in Ophthalmol At: Scottsdale 
Dates: 2/15/90 to 2/17/90 Sponsor: St Luke’s 
Med Ctr & Prentice Eye Inst Contact: Christine 
Campbell, 1419 E Divot Dr, Tempe, AZ 85283; 
(602) 820-7027 


CALIFORNIA 


Advances in Glaucoma Therapy At: La Jolla 
Dates: 2/2/90 to 2/3/90 Sponsor: Univ of Calif, 
San Diego, Dept of Ophthalmol Contact: 
Michelle Elig, Course Coord, UCSD/Ophthal- 
mol, T-014, La Jolla, CA 92093; (619) 543-6044 


Fifty-Ninth Ann Midwinter Ophthalmol Clin Conf 
At: Los Angeles Dates: 2/9/90 to 2/11/90 Reg 
Fee: $295 for practicing physicians and mili- 






DATE: March 30 and 31, 1990 
LOCATION: Westin Galleria Hotel 
Dallas, Texas 


TOPIC: Inflammatory Diseases of the Eye 
Ocular Surface Disorders, 
Noninfectious and 
Infectious Corneal 
Diseases, Endophthalmitis 

and Antibiotics 


2. Ron D’Amico, M.D. 


3. Kenneth K. Kenyon, M.D. 


FEE: $250 before March 1. 
$275 after March 1 
$75 resident physician (letter of 
verification required) 


CONTACT: Sindi Sonnier 


Presbyterian Healthcare System/CME 


8200 Walnut Hill Lane 
Dallas, TX 75231 
(214) 696-8458 


12THE ANNUAL DALLAS SPRING 
OPHTHALMOLOGY SYMPOSIUM 





GUEST SPEAKERS: 1. Richard L. Abbott, M.D. 






should be typed double-spaced with 2-in left 
Meltzer, Archives of Ophthalmology, CME, 
rs are encouraged to contact the accredited 


tary physicians if received before January 1, 
1990, $350 after that date, $160 for resident 
physicians and retired physicians Sponsor: 
Research Study Club of Los Angeles Contact: 
Louise Ball, Exec Secy, PO Box J, S Pasadena, 
CA 91031; (213) 680-2387 


Update: Pediatric Ophthalmol At: San Francisco 
Dates: 12/14/89 to 12/15/89 Contact: Extended 
Prgms in Med Educ, Univ of Calif, Rm C-124, 
San Francisco, CA 94143-0742: (415) 476-4251 


Squaw Valley Vitreo-Retinal Symp At: Olympic 
Valley Dates: 1/28/90 to 2/1/90 Hrs Instr: 16 
Sponsor: Dept of Ophthalmol, Univ of Califor- 
nia, Davis Contact: Barbara Arnold, MD, 7275 
E Southgate Dr, Sacramento, CA 95823; (916) 
393-1000 


The Deparment of 
Ophthalmology 
Post Graduate 
Course 





















Sudarsky. 









COLORADO 


Plastics & Retina: Ann Midwinter Sem of the Col- 
orado Ophthalmological Soc At: Vail Dates: 
1/27/90 to 1/31/90 Hrs Instr: 16 Contact: Carol 
Goddard, PO Box 4834, Englewood, CO; (303) 
741-3937 


FLORIDA 


Canadian Implant Assn Florida Winter Workshop 
At: Hollywood Dates: 12/27/89 to 12/29/89 
Contact: Marvin L. Kwitko, MD, Prgm Chair- 
man, 5591 Cote des Neiges Rd, Montreal, Que- 
bec, Canada, H3T 1Y8; (514) 735-1133 


Eyelid Surg: A Basic Course for the Practicing 
Phys At: Tampa Date: 12/9/89 and 2/10/90 
Contact: J. Justin Older, MD, or Charles B. 
Slonim, MD, Northside Med Ctr, Ste 210, 13550 
N 31st St, Tampa, FL 33613: (813) 971-3846 


HAWAII 


Pa 


11th Annual Royal Hawaiian Eye Meeting At: i 


Maui Dates: 1/20/90 to 1/27/90 Contact: Ma $ 
Charles & Assoc, 2334 S. King St, Suite 205, 
Honolulu, HI 96826; (808) 942-9655 


Contemporary Cataract Surg & the Use of Lasers 
for the Gen Ophthalmologist At: Maui Dates: 
2/10/90 to 2/17/90 Contact: Steven M. Drance, 
MD, OC, Dept of Ophthalmol, Univ of British 
Columbia, 2550 Willow St, Vancouver, British 
Columbia, V5Z 3N9 Canada; (604) 875-4199 


MARYLAND 


Diabetic Retinopathy in 1989 At: Baltimore Date: 
11/17/89 Hrs Instr: 8 Reg Fee: $200 ($100 for 
those in training) Sponsor: The Wilmer Inst 
Contact: Prgm Coord, The Johns Hopkins Med 
Inst, Turner Bldg, 720 Rutland Ave, Baltimore, 
MD 21205-2159; (301) 955-2959 
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Vitrectomy in Anterior and 
Posterior Segment Surgery 


April 21, 1990 


Manhattan Eye, Ear and Throat Hopital 


New York, NY 


CURRICULUM: Topics for this course include: Physiology and 
Pathology of the Vitreous and Retina, Pre-Operative Macula Assessment, 
Ultrasound Techniques in Evaluating Intraocular Foreign Bodies, 
Vitrectomy in Anterior Segment Reconstruction, Yag Laser for Lens 
Remnants and CME, Vitrectomy in Endophthalmitis, Pars Plana Lensec- 
tomy, Role of Vitrectomy in Corneal Disease and Surgery, Evolution of 
Intravitreal Substitutes, Management of Gaint Retinal Breaks, Vitrectomy 
in Diabetic Retinopathy, Retinotomy, Silicone Oil, Retinal Tacks in the 
Management of Proliferative Vitreoretinopathy, Peripheral PVR (Anterior 
Loop Traction), New Laser Techniques in Vitrectomy, Retinopathy of 
Prematurity, Posterior Segment Complications of V itrectomy. 

COURSE COORDINATOR: David B. Karlin, M.D. 

GUEST LECTURER: H. MacKenzie Freeman, M.D. 


PARTICIPANTS: Drs. Sandra Belmont, Scott Brodie, Frederic 
Deutsch, Jack Dodick, William Eisenberg, Yale Fisher, H. MacKenzie 
Freeman, Vincent Giovinazzo, Peter Judson, David Karlin, Allen Landers, 
Harvey Lincoff, Thomas Poole, Jason Slakter, Murray Wolkstein, David 


LIMITED REGISTRATION CME CATEGORY I ACCREDITATION 
For Information Contact: Francine Leinhardt, Course Coordinator 
Manhattan Eye, Ear and Throat Hospital 
210 East 64th Street, NYC, NY 10021 
(212) 838-9200 ext. 2776 FAX (212) 832-9126 





The Wilmer Institute 
The Johns Hopkins Medical Institutions 


Current Concepts in Ophthalmology 


An Update On Refractive Corneal Surgery (RKs, Excimer Lasers, and Epigrafts), |OLs. Lasers, 
Glaucoma, Strabismus, Retinal Diseases, and Other Recent Developments 


BALTIMORE, MARYLAND 
December 7 - 9, 1989 
The Joans Hopkins Medical Institutions 


DORADO, PUERTO RICO 
February 18 - 25, 1990 
Hyatt Regency Cerromar Beach Hotel 


VAIL. COLORADO 
March 10 - 17, 1990 
Manor Vail Lodge 


-2th Amnual Meeting 
February 18 - 25, 1990 


Course Directors 
Valter J Stark, M.D. 
Ronald €. Michels, M.D. 


Faculty 

John D. Sottsch, M.D. 

David L. Guyton, M.D. 

Julia A. Baller, M.D. 

4. Dunter Hoskins, Jr., M.D. 
denry D- Jampel, M.D. 

Yan B. Sones, M.D. 

David A Karcher 

Neil R. willer, M.D. — 
Stepher A. Obstbaum, M.D. Ņ 
Zarol L. Shields, M.D. X T, 
Jerry A. Shields, M.D. 

Dthers ~> Be Announced 


Credit: 30 AMA Category | 
Registration Fee: $475, $325 (those in training) 


>lus a “Management of Business Assets”’ 
seminar for spouses 


Pg, a 


2nd Annual Meeting 
December 7 - 9, 1989 


Course Directors 
Walter J. Stark, M.D. 
Ronald G. Michels, M.D. 


Faculty 
Special Guest Lecturer 
Herbert E. Kaufman, M.D. 


Morton F. Goldberg, M.D. 
Stuart L. Fine, M.D. 

W. Richard Green, M.D. 
Dawid L. Guyton, M.D. 

A. Edward Maumenee, M.D. 
Irene H. Maumenee, M.D. 
Weil R. Miller, M.D. 

Arnall Patz, M.D. 

Harry A. Quigley, M.D. 
Alfred Sommer, M.D. 
Robert 8. Welch, M.D. 
Other Wilmer Institute Faculty 


The Friday afternoon session wil! be-co-sponsored 
by the Maryland Society of Eye Physicians and 
Surgeons. The guest lecturers will be 

Thomas Frey, M.D. and David A. Karcher. 


Credit: 20 AMA Category | 
Registration Fee: $250, $200 (those in training) 


7th Annual Meeting 
March 10 - 17, 1990 


(corresponds with spring break for many schools) 


Course Directors 
Walter J. Stark, M.D. 
Ronaid G Michels, M.D. 


Faculty 

David L. Guyton, M.D. 
Jack T. Holladay, M.D. 
Kenneth R. Kenyon, M.D. 
Stephen Klyce, Ph.D. 
Marguerite McDonald, M.D. 
Nei! R. Miller, M.D. 

Harry A. Quigley, M.D. 
Others Te Be Announced 


Credit: 30 AMA Category | 
Registration Fee: $475, $325 (those is training) 


plus a ‘‘Management of Business Assets” 
seminar for spouses 





Information: Office of Continuing Education, The Johns Hopkins Medical Institutions, 
Turner Building, 720 Rutland Avenue, Baltimore, Maryland 21205-2195, (301) 955-295¢ 
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The Second Ann Wilmer Inst Current Concepts in 
Ophthalmol At: Baltimore Dates: 12/7/89 to 
12/9/89 Hrs Instr: 20 Reg Fee: $250, (those in 
training, $200) Contact: Prgm Coord, The Johns 
Hopkins Med Inst, Office of CME, Turner Bldg, 
720 Rutland Ave, Baltimore, MD 21205; (301) 
955-2959 


MISSOURI 


Midwinter Laser Course and Fluorescein Angiog- 
raphy Workshop At: St Louis Dates: 2/9/90 to 
2/10/90 Hrs Instr: 12 Reg Fee: $500 ($350, res- 
idents, fellows, nurses, & technicians) Spon- 
sors: Retina Res & Development Found, Alcon 
Surgical Inc, and Washington Univ Sch of Med, 
Dept of Ophthalmol Contact: Beth Ann Stein, 
Retina Res & Development Found, One Barnes 
Hospital’Plaza, E Pavilion Suite 17413, St Lou- 
is, MO 63110; (314) 367-1181 


NEVADA 


Contact Lens Assn of Ophthalmologists (CLAO) 
Ann Mtg At: Las Vegas Dates: 1/10/90 to 
1/13/90 Contact: Mtgs Registrar, CLAO, 523 
Decatur St, Suite 1, New Orleans, LA 70130- 
1027; (504) 581-4000, ext 300 


NEW YORK 


Clinic Day in Ophthalmol-Cornea & Ext Dis At: 
Garden City Date: 11/29/88 Sponsors: Long 
Island Jewish Med Ctr, Cornell Univ Med Coll 
Reg Fee: $150 ($75, residents & fellows) Con- 
tact: Ann J. Boehme, CMP, Long Island Jewish 
Med Ctr, New Hyde Park, NY 11042; (718) 470- 
8650 


New York Soc for Clinical Ophthalmol Fall Mtg At: 
New York Date: 11/18/89 Contact: Francine 


Co-Chairmen: 


Dates: February 10-17, 1990 


Leinhardt, Course Coord, Manhattan Eye, Ear 
& Throat Hosp, 210 E 64 St, New York, NY 
10021; (212) 838-9200, ext 2776 


Cornea & External Disease 1990: A Preview At: 
New York Dates: 12/1/89 to 12/2/89 Hrs Instr: 
12 Reg Fee: $250, Residents and Fellows, $75 
Contact: Sylvia Sorrentino, ICME, The New 
York Eye & Ear Infirmary, 310 E 14th St, New 
York, NY 10003 (212) 598-1430 


Oculoplastic Workshop At: New York Date: 
12/9/89 Contact: Francine Leinhardt, Course 
Coord, Manhattan Eye, Ear & Throat Hosp, 210 
E 64 St, New York, NY 10021; (212) 838-9200, ext 
2776 


Cornea and Astigmatism Course At: New York 
Date: 2/10/90 Contact: Francine Leinhardt, 
Course Coord, Manhattan Eye, Ear & Throat 
Hosp, 210 E 64th St, New York, NY 10021; (212) 
838-9200, ext 2776 


6th Ann Live Ophthalmic Plastic Surg Workshop 
At: New York Dates: 3/2/90 to 3/3/90 Contact: 
Francine Leinhardt, Course Coord, Manhattan 
Eye, Ear & Throat Hosp, 210 E 64th St, New 
York, NY 10021; (212) 838-9200, ext 2776 


Vitrectomy in Anterior and Posterior Segment 
Surg At: New York Date: 4/21/90 Contact: 
David B. Karlin, MD, Course Coord, Manhattan 


Eye, Ear & Throat Hosp, 210 E 64th St, New. 


York, NY 10021; (212) 838-9200, ext 2776 


NORTH CAROLINA 


The Univ of NC Ophthalmol Residents’ Day At: 
Chapel Hill Date: 12/2/89 Contact: Christine C. 
Cotton, Dept of Ophthalmol, CB #7040, 617 Clin 
Sci Bldg, Univ of NC, Chapel Hill, NC 27599- 
7040 


TEXAS 


The Cullen Course 1990 At: Houston Dates: 
3/2/90 to 3/4/90 Contact: Carol J. Soroka, The 
Office of Cont Educ, Baylor College of Med, One 
Baylor Plaza, Houston, TX 77030; (713) 798-6020 


UTAH 


Annu Park City Multidisciplinary Facial Plastic 
Surg Ski Conf At: Park City Dates: 2/10/90 to 
2/17/90 Sponsor: The Univ of Nebraska Med 
Ctr Dept of Ophthalmol Hrs Instr: 20 Contact: 
Marge Adey, Coord of CME, Univ of Nebraska 
Med Ctr, Ctr for CE, 42nd & Dewey Ave, Oma- 
ha, NE 68105; (402) 559-4152 


FOREIGN 


Internat! Cornea & External Ocular Disease Up- 
date At: Toronto Dates: 12/1/89 to 12/2/89 
Contact: CME, Faculty of Med, Univ of Toron- 
to, Med Sci Bldg, Toronto, Ontario, Canada M5S 
1A8; (416) 978-2718 


° 


Ophthalmol Update ’89 At: St Martin, Dutch An? 


tilles Dates: 12/16/89 to 12/26/89 Sponsor: 
Manhattan Eye, Ear & Throat Hosp Contact: 
Francine Leinhardt, Course Coord, Manhattan 
Eye, Ear & Throat Hosp, 210 E 64th St, New 
York, NY 10021; (212) 838-9200, ext 2776 


Third Ann E African Ophthalmic Plastic & Recon- 
structive Surg Symp At: Tanzania Dates: 
1/25/90 to 2/8/90 Contact: Stephan L. Bosniak, 
MD, 300 Central Park W, New York, NY 10024; 
(212) 769-0740 


48th All India Ophthalmological Conf At: Ahmed- 
abad, India Dates: 1/5/90 to 1/8/90 Contact: J. 
Agarwal, Gen Secy, All India Ophthalmol Soe, 
Dr Agarwal’s Eye Inst, 13 Cathedral Rd, Ma- 
dras 600 086, India 


ANNUAL PARK CITY MULTIDISCIPLINARY 


FACIAL PLASTIC SURGERY MEETING 
(Formerly Annual Park City Oculoplastic Meeting) 


A program for ophthalmologists, otorhinolaryngologists, 


dermatologists, plastic and oral surgeons. 


Place: Olympic Hotel 


Fee: $450 


Park City, Utah 


Topics: Facial, cosmetic and reconstructive Surgery with special “hands-on” 
workshop using the new Luhr micro and mini plate system. 


Jeffrey C. Popp, M.D. 
University of Nebraska Medical Center 
Creighton University 


Sponsored by: The University of Nebraska Medical Center, Department of Ophthalmology 
Faculty to Include: Crowell Beard, M.D. — San Francisco; Jan Berlin, M.D. — Cleveland; Mike 


Callahan, M.D. — Birmingham; Craig Dufresne, M.D. — 


Robert M. Dryden, M.D. 
University of Arizona 


Washington, D.C.; Chris Fleming, M.D. 


— Memphis; Russ Gonnering, M.D. — Milwaukee; Mike Hawes, M.D. — Denver; Larry Katzen, 
M.D. — W. Palm Beach; Jack Kennerdell, M.D. — Pittsburgh; Lou Morales Jr., M.D. — Salt Lake 
City; Nick Soldo, M.D. — Phoenix; Harold Tu, M.D. — Omaha; Paul Weber, M.D. — Ft. Lauder- 
dale; Alan Wulc, M.D. — Philadelphia 


20 hours CME Category | credit 


For further information, contact: Marge Adey, Coordinator of C 
University of Nebraska Medical Center, Center for Continuin 
Avenue, Omaha, Nebraska 68105-1065. Telephone (402) 559 


ontinuing Medical Education, 
g Education, 42nd and Dewey 
-4152. 


Y- 





+ . + 





ne Cullen Course 

199 () Clinical Advances in Ophthalmology 
for the Practicing Ophthalmologist 

Cullen Eye Institute Faculty 


Milton Boriuk, M.D. Alice Y. Matoba, M.D. 
Jared M. Emery, M.D. John A. McCrary, M.D. 
Ronald L. Gross, M.D. David W. Parke, II, M.D. 
M. Bowes Hamill, M.D. James R. Patrinely, M.D. 

Dan B. Jomes, M.D. Paul G. Steinkuller, M.D. 
Douglas D. Eoch, M.D. Gunter K. vonNoorden, M.D. 

Richard Alan ~ewas, M.D. Kirk R. Wilhelmus, M.D. 


March 2-4, 1990 


The Houstonian Hotel and Conference Center 
11 North Post Oak Lane 
Houston, Texas 77024 


FOR FJRTHER INFORMATION CONTACT: 
Carol J. Soroka 
The Office of Continuing Education 
Baylor College of Medicine 
One Baylor Plaza 
Houston, Texas 77030 
(713) 798-6020 





















The Deparment of 
Ophthaimology 
Post Graduate 
Course 


The Cornea --1990 





February 10, 1990 
Manhattan Eye, Ear and Throat Hospital 
New York, NY 

CURRICULUM: This course will cover Corneal Astigmatism, 
Corneal Modeling Systems, Excimer Laser Lamellar Refractive 
Keratoplasty, the’Management of Pseudophakic Bullous 
Keratopathy, Diagnosis and Management of Herpes Simplex 
Ocular Disease, Management of the Dry Eye Patient, Update on 
Keratomileusis and Epikeratophakta, Collagen Lenses, Manage- 
ment of Keratoconus, Long Term Storage of Corneal Tissue, 
Acanthamoeba Keratitis, Partial and Total Therapeutic Conjunc- 
tival Flaps, T-Cus for Corneal Astigmatism. 


COURSE DIRECTORS: Sandra Belmont, M.D., David Haight, M.D., 
Richard Troutman,M.D. 


FACULTY: Drs. E Asbell, S. Belmont, D. Buxton, J. Buxton, K. Buzard, 
E. Donnenfeld, S. D*aga G. Dunham, M. Friedlander, R. Gibralter, 
D: Gormley, D. Haight, J. Hunkeler, S. Mandelbaum, M. Newton, T. Perl, 
C. Roberts, O. Serdæevic, M. Starr, C. Swinger, D. Taylor, S. Trokel, 
R. Troutman 
LIMITED REGISTZATION, CME CATEGORY I ACCREDITATION 
For Information Contact: Francine Leinhardt, Course Coordinator 
Manhattan Eye, Ear and Throat Hospital 
210 East 64th Street, NYC, NY 10021 
(212) 838-9200 ext. 2776 FAX (212) 832-9126 










Midwinter Laser Course and 
Fluorescein Angiography Workshop 





Sponsored by 
Retina Research & Development Feundation, 


Alcon Surgical, Inc., 
and 


Washington University School of Medicine 
Department of Ophthalmology 


FEBRUARY 9-10, 1990 
HYATT REGENCY HOTEL 
ST. LOUIS UNION STATION 
St. Louis, Missouri 


This two-day course is designed to provide an overview 
of current laser applications for posterior segment disease 
and treatable macular problems. Workshops will focus on 
reading and interpretation of fluorescein angiograms, 
including a session offering hands-on laser instruction. 
TUITION: $500 
Residents, Fellows, Nurses and Technicians—$350 
ACCREDITATION: 

Attendance at the course offers 12 Category | credit 
hours for physicians. 
SS 
COURSE DIRECTORS: 

DEAN B. BURGESS, M.D. 

R. JOSEPH OLK, M.D. 


FACULTY: 
NEVA P. ARRIBAS, M.D. 
ISAAC BONIUK, M.D. 

M. GILBERT GRAND, M.D. 

HENRY J. KAPLAN, M.D. 
MATTHEW A. THOMAS, M.D. 

All of Washington University School of Medicine 

Department of Ophthalmology 


GUEST FACULTY: 


GARY W. ABRAMS, M.D. 
Milwaukee, Wisconsin 


HARRY W. FLYNN, Jr., M.D. 
Miami, Florida 


H. RICHARD McDONALD. M.D. 
San Francisco, California 


CARMEN A. PULIAFITO, M.D. 

Boston, Massachusetts 
eS 
FOR MORE INFORMATION, CONTACT: 

Beth Ann Stein 
Retina Research & Development Foundation 
One Barnes Hospital Plaza 
East Pavilion Suite 17413 
St. Louis, Missouri 63110 
(314) 367-1181 
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Sixth Annual 

Winter Glaucoma > 
Symposium and Practice 
Management Seminar 


February 18-20, 1990 
Hyatt Regency, Grand Cayman, 
British West Indies P 


Attend the Sixth Annual Winter Glaucoma Symposium and learn 
the latest developments in glaucoma therapy, earn CME credits and 
pick up essential practice management skills while enjoying the 
sun drenched fun of the Cayman Islands. 

Two half-day sessions will include the following: medical therapy 
of glaucoma, including the role of new drugs; mechanism of optic 
nerve damage in glaucoma; indications for therapy; and surgical 


| techniques. Patient management sessions will be included with case 


histories and panel discussions. 

A third half-day session presents practice management for 
ophthalmology, presented by Robert Hirsh and Marian Metzger, í 
nationally-acclaimed business consultants. Both consultants will be 
available for private, personalized guidance and information. 





Distinguished Panel of Experts: 

Allan Kolker, M.D., Washington University 
Irvin Pollack, M.D., Johns Hopkins University 
Jacob Wilensky, M.D., University of Illinois. 





Moderator: Alan Robin, M.D., Johns Hopkins University. 


Guest Speaker: Donald Minckler, M.D., Professor and Director. 
Glaucoma Service, Doheny Eye Institute, 
University of Southern California 


Fee: $450 

SS Se ee, ee ee 
CME Credit: 12 hours Category | through the University of Illinois. 
EERO ARCS A nt al, eaa 


Sponsored by IOLAB Pharmaceuticals 


To register, or for more information, contact Mr David Townsend, 
Associates in Medical Marketing Company, Inc.. 9 Pheasant Run Roac 
Newtown, PA 18940, (215) 860-9600. 


Enrollment is limited to 100. 
Be sure to register today to reserve your place. 


Travel Information/Reservations: ” 
Barbara Sotire, Rosenbluth Travel, 210 Route 70 East, 
Cherry Hill, NJ 08003. (609) 424-0367. 


= - = 
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PAN AMERICAN ASSOCIATION OF OPHTHALMOLOGY 
PRESENTS THE 

THIRD NORTH AMERICAN COURSE 

MAY 24-27, 1990 

ORLANDO, FLORIDA 


TOPICS 
Pediatric Ophthalmology 
Meuro-Ophthalmology 


MODERATORS 
Marshall Parks, M.D. 
Alfredo Sadun, M.D., Ph.D. 


Cornea L. Michael Cobo, M.D. 

Glaucoma Richard Simmons, M.D.—Richard Parrish, M.D. 

Cataract Walter Stark, M.D.—Juan Batlle, M.D. 

Petina Hilel Lewis, M.D.—Mark Blumenkranz, M.D. 
Gary Abrams, M.D.—Bradley Straatsma, M.D. 
Don H. Nicholson, M.D.—Stanley Chang, M.D. 

Plastics David Tse, M.D. 


PROGRAM DIRECTOR 
Eduardo Alfonso, M.D. 


This program is designed to enhance and review clinical knowledge in ophthalmology by providing a 














Hotel. 







Associatior. 





ida 33101. Telephone: 305/326-6099. 


+hree-day symposia. Approximately 50 national and international speakers will review and present new 
advances im their areas of clinical expertise. Registration fee includes all lectures, course materials, 
coffee breeks and reception. Special rates have been obtained at the Hyatt Regency-Grand Cypress 


nates this continuing medical education activity for 


The University of Miami School of Medicine desig 
sician’s Recognition Award of the American Medical 


twenty (209 credit hours in Category 1 of the Phy 


For further information please contact: Bascom Palmer Eye Institute, P.O. Box 015869, Miami, Flor- 
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THE EAGLE. 
AN ENDANGERED SPECIES? 


The Eagle, symbol of 
strength, honor, «nd character, M ; 
personifies the vzor of 4 Se x58 gy 
y ECN FS D 

The Eagle Baze, symbol ofa. 
strength, honor, and character, 
represents the highest level of ' 
achievement in the Boy Scout 

Don't let the best of Amegg@ y 










become an endargered spegi = 3 


ee < X s j SA A . b 
BECOME A M=MEER OF THE NATIONAL BOY SCOUT 
ALUMNI FAMILY. — JOIN TODAY! 

Your one-sear, $10 membership entitles you to the 
Alumni Builtin, the Annual Report, a membership 
card and an attractive wall certificate suitable for 
framing. 
n A threeyear, $30 membership entitles you to a free 
\ Norman Roskwell print, as well as all of the benefits of ; 
a one-year membership. al I 
Write today ta 









Nasional Boy Scout Alumni Family oe 
1325 Walnet Hill Lane * Irving, Texas 75062 - 1296 





Diagnosis and 
Management of 
Patients with 
Oculoplastic 
Problems 


Oculoplastic Surgery 
Workshap 


OPHTHALMOLOGY 





Manhattan Eye, Ear & Throat Hospital, NY, NY 
Saturday, December 9, 1989 


CURRICULUM: This course will cover major topics in 
“| see anes plastic surgery including; cancer in the eyelid, 
oh's Cancer Surgery, management ot capillary 
hemangioma in children, management of congenital ptosis, 
local nerve block, general and monitored intravenous 
sedation anesthesia in oculoplastic surgery, lasers in 
oculoplastic surgery, orbital tumors, orbital fractures, 
someclieatinns in blepharoplasty, and ambulatory surgery. 


COURSE DIRECTOR: Albert Hornblass, MD. 


FACULTY: Dr.'s Michael Albom, Stephen Bosniak, John Burns, 
Thomas Cherubini, Daniel Coden, Robert Della Rocca. Ira Eliasoph, 
Michael Gingold, Neil Gross, Carmen Guberina, Carl Hanig, 

Gerald Hecker, Brian Herschorn, Marvin Kochmen, Richard Lisman, 
Ed. Liva, Michael Loeffler, Donald MacDonald, Elizabeth Mahr, 
Clinton McCord, Murray Meltzer, Peter Odell, David Reifler, 

Rene Rodriquez-Sains,Byron Smith, and Alan Zimbare. 


LIMITED REGISTRATION CME CATEGORY I ACCREDITATION 


For Information Contact: Francine Leinhardt, Caurse’Coordinator 
Manhattan Eye, Ear amd Throat Hospital 
210 East 64th Street, NYC, NY 10021 
(212) 838-9200 ext. 2776 FAX (212) 832-9126 
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The Ophthalmology Board Review Course 
a 
Chitaso r 


OBJECTIVES 


e Improve basic and clinical knowl 


November 6-11, 1989 — Philadel 


April 13-18, 1990 — 


May 2-7, 1990 — San Francisco 
Now, your only BOARD REVIEW just before Written and Oral Exams 


e Assist residents and fellows in organizing study 
e Prepare candidates to take examinations 


e Provide practicing ophthalmologists with a review and update 


"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, 
ut from people who are relati vely unknown as well."* 


Geoffrey Gladstone, M.D. 
Co-Director Oculoplastic Service 
Wm. Beaumont Hosp., Royal Oak, MI 


B. David Gorman, M.D. 
Coordinator of Resident Programs 
Lennox Hill Hospital, New York 


not only from world-famous authorities b 


Fundamentals 
Anatomy 
Biochemistry 
Physiology 
Pharmacology 


Optics and Refraction 
Ophthalmic Optics 
Refractive Errors 
Instruments 
Clinical Refraction 


Intraocular 
Inflammation 
Uveal Tract 
Ocular Tumors 


Posterior Segment 
Retina 
Vitreous 
Laser Surgery 
Macula 
Vascular Disease 


Neuro-ophthalmology 
Neuroanatomy 
Optic Nerve 
Visual Pathways 
Pupillomotor System 
Oculomotor System 


Pediatric Eye 
Congenital Disorders 
Genetic Disorders 
Strabismus 


Ocular Surface 
External Disease 
Cornea 
Conjunctiva 
Sclera 


P.O. Box 2218 


Mail today to: 


1094 Dawn Lane, Dept A11 


Terre Haute, IN 47802 


Anterior Segment 
Anterior Angle 
Glaucoma 
Lens 
Trauma 


Orbit and Adnexa 
Orbit 
Eyelids 
Lacrimal System 
Plastic Surgery 


Medical Problems 
Immunology 
Endocrinology 
Systemic Diseases 
Emergencies 


Ophthalmic Pathology 
Adnexa and Orbit 
External Eye 
Anterior Segment 
Posterior Segment 


Other Activities 
Pathology Laboratory 
Written Exam 
Oral Exam 
Exam Review 


Steven Abel, Pharm.D. 
Aff. Ass’t. Prof. of Clin. Pharmacy 
Purdue University 


J. Douglas Cameron, M.D. 
Assoc. Prof. of Ophth. and Path. 
University of Minnesota 


Arthur Cotliar, M.D. 
Associate in Clin. Ophthalmology 
Columbia University 


Name 
a E 
Address 
rr N 
City/State/Zip 
a E E 


Phone For:[] Nov. 6-11, 1989 — Philadelphia 
eT SO 
C] April 13-18, 1990 — Chicago 


L] May 2-7, 1990 — San Francisco 
O Check is enclosed for $ 


edge in ophthalmology 


METHODS 


e HOME STUDY MATERIALS consisting of a syllabus of 
questions with assignments and answers 


e SEMINAR with projection- 
e PRACTICE EXAMS with 


“Accommodations were comfontable...."* 


GOALS AND LOCATION: The course is 
held the week before written and oral 
exams. Your best value is to repeat the 
seminar for half price the week before x 
both written and oral exams. Topics and 


David Guyton, M.D. 
Professor of Ophthalmology 


Johns Hopkins University 


Eric Mandel, M.D. 


Ophthalmologist in Private Practice 
Lennox Hill Hospital, New York 


J. Arch McNamara, M.D. 


Clinical Instructor 
Thomas Jefferson University 


Mark Moster, M.D. 


Ass’t. Prof. of Neuro. and Ophth. 


Temple University 


Leonard Nelson, M.D. 


Assoc. Professor of Ophthalmology 
Thomas Jefferson University 


Joseph Sassani, M.D. 


Assoc. Prof. of Ophth. and Path. 
Pennsylvania State University 


Jerry A. Shields, M.D. 
Professor of Ophthalmology 
Thomas Jefferson University 


Carol L. Shields, M.D. 


Instructor, Oncology Service 


Wills Eye Hospital, Philadelphia 


Michael Starr, M.D. 


Assoc. Clin. Prof. of Ophthalmology 


Comell University 


Thomas Stevens, M.D. 


Professor of Ophthalmology 
University of Wisconsin 


Floyd Warren, M.D. 


Ass’t. Clin.Prof. of Ophthalmology 


New York University 


slide lectures and syllabus 
oral and written parts 


faculty are upgraded for each program. 
Meeting hotels are chosen for the best 
combination of excellent study site and 
reasonable cost for travel and room. Our 
rates are typically $75 to $95 single and $95 
to $115 double. Please await instructions 


before buying travel tickets. 
"and those little extras...."* 


LOWEST AIR FARES: Reliable Travel 
offers you the lowest air fare — often 
below super-saver rates. Please call toll- 


free 1-800-548-8185 and identify yourself 


with this Osler course. 


remarkably complete and pleasant"* 


PLACEMENT SERVICE: For practice 
opportunities write or call 1-800-356-7537. 


"the most education for the money."* 


FEES AND COURSE HOURS: 


è Course Hours: 


e Practicing Ophthalmologists: 


© Residents and Fellows: 


60 hours 
$690 
$460 


e Repeating course within 3 years: half price 

è Add 10% within 10 days of the couse. 

è Fees do not include lodging or meals 

e Attendees not in course hotel add $8/day. 

e Deposit of $50 will reserve your position.. 

e Most home study material will be mailed 
after half of the registration fee is received. 


"home study material was extremely helpfiul"* 


REFUNDS: Subject to a $50 fee, refunds 
will be made until the seminar begins. 


¢Cancellation after mailing home study 


material requires retention of half the fee. 
"I feel [the course] helped me ‘PASS sa f 


INFORMATION: 


Joseph H. Selliken, Jr., M.D. 
THE OSLER INSTITUTE 
1094 Dawn Lane, P.O. Box 2218 


Terre Haute, IN 47802 


(800) 356-7537 or (812) 299-5658 
* Comments by past Osler participants 
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IF DIABETES IS A 
DISEASE YOU CAN 
-LIVE WITH, 
WHY DID 150, 000 
 DIELAST YEAR? 


Since 1 out of every 20 people has diabetes, you prob- 

ably know someone who lives with it. 

But what you probably don’t know is what it’s like to 
deal with diabetes: to have to stick to a diet every single 
day; to constantly monitor your blood sugar level; or to 
take insulin injections several times daily. 

And you probably didn’t know that diabetes can lead 
to other diseases, like heart disease, kidney disease and 
blindness. 

Or, that every year 150,000 die. 

Eelp us find a cure for diabetes. Before you know 
somecne who dies from tt. 











American 
Diabetes 
-Association. 


Support the Research of the 
"Bie ae Diabetes Association 
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CLASSIFIED 
INFORMATION 


Regular Classified 1Time 3 Times 

or more* 
Cost per word $ .95 $ .85 
Minimum 20 words. per issue 


“In order to earn the three-time rate, your ad must be placed 
and prepaid at the same time for three or more issues. 


Counting Words: Two initials are considered 
one word, each abbreviation is considered 
one word, and figures consisting of a dollar 
sign and five numerals or less are considered 
one word. Cities and states consisting of two 
words or more are counted as one word: i.e., 
“New York" and “Salt Lake City.” Zip code is 
considered one word and must appear in all 
ads. Telephone number with area code is 
considered one word. When box numbers are 


used for replies, the words “Box , C/O 
AOP” are to be counted as three words. 

Classified Display 1Time 3 Times 
Full page $630 $580 
Two-thirds page 539 496 
One-half page 476 438 
One-third page 378 348 
One-sixth page 252 232 
Column inch 55 50 


Minimum display ad: one column inch 
12-time rate available on request. 


Display Production Charge: The publication 
will pub-set advertisements upon request. 
The typesetting fee is 10% of the one-time ad 
cost shown above. Special requests will be 
billed to the advertiser and/or agency at the 
then prevailing rates. 


Box Service 


Available for all ads. The cost is $10.00 for the 
first issue only. Responses to your ad will be 
consolidated in our office and promptly 
mailed directly to you. 


Closing Date 


The 25th of the second month prior to issue 
date. Example: The November issue closes 
September 25th. No ads can be cancelled 
after the closing date. 


Send all copy, correspondence, production 
materials and payments to: 


archives of 
Ophthalmology 
Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 


For assistance with your ad schedule call toll free: 


National 800-237-9851 
Florida 800-553-8288 O Local 813-443-7666 





Inquiries about "BOX NUMBER” advertisements: All re 





Professional Opportunities 


PEDIATRIC OR GENERAL Ophthalmologist—East 
Coast: Enchanting New England coastline com- 
munity. Dynamic, caring practice seeks pediatric 
ophthalmologist, or general ophthalmologist with 
strong interest in children, to assume established 
pediatric ophthalmology position. Further interest 
in opthalmic plastics also desirable. Contact: Katie 
Murphy, (508) 746-8600, 177 Sandwich Street, 
Plymouth, MA 02360. 





MAINE — General ophthalmologist. Excellent 
opportunity to establish a new practice to serve a 
county-wide area. Affiliate with modern, 70-bed, 
community hospital with medical staff of over thirty 
physicians. Twenty-four hour, physician staffed ER. 
Competitive guarantee plus benefits, office space, 
moving expenses and equipment allowance. Live in 
pleasant college community close to Maine's two 
major ski resorts. Enjoy sports, whitewater rafting to 
ice fishing, in nearby rivers and lakes in one of 
Maine's most scenic areas. Send CV to: New 
England Health Search, 63 Forest Avenue, Orono, 
ME 04473. Or call: (207) 866-5680 or (207) 866-5685. 





GLAUCOMA SPECIALIST. Ochsner Clinic seeks 
excellent subspecialty-trained ophthalmologist to 
assume an established glaucoma practice with affil- 
iated residency program. Starting salary commen- 
surate with experience, productivity bonus, gener- 
ous fringe benefits. Send CV to: Richard Hesse, MD. 
Chairman, Department of Ophthalmology, Ochsner 
Clinic, 1514 Jefferson Highway, New Orleans, LA 
70121. 





OPHTHALMOLOGIST — Multi-specialty clinic in 
Seattle seeking BC/BE vitreo retinal surgeon to join 
a large ophthalmic practice. If interested, please 
send CV and list of references to: Dr. George C. 
Pugsley, 1100 Ninth Avenue, Seattle, WA 98101. 
FAX # (206) 223-6947. 





OPTHALMOLOGIST: Personable and of highest 
integrity sought for a long established, prestigious 
practice in San Diego. Please send CV to: Anderson 
Eye Institute, 3939 Third Avenue, San Diego, CA 
92103. 





OFFERING: A REWARDING life experience. Tem- 
porary replacement needed for Dr. Ralph Shannon, 
missionary opthalmologist at Good Shepherd Hos- 
pital in Zaire (old Belgium Congo) near Kananga, 
between July 1989 and June 1990. Expenses tax- 
deductible through Medical Benevolence Founda- 
tion. If interested, please contact: Clarence Durham, 
Medical Benevolence Foundation, 320 Highway 190 
West, Woodville, TX 75979-9717; (490) 283-3773 or 
Jerre M. Freeman, MD, 6485 Poplar Avenue, 
Memphis, TN 38119. (901) 767-3937. 





PRESTIGIOUS MULTI-SPECIALTY GROUP part- 
nership in gulf south university community with 
outstanding cultural opportunities, needs ophthal- 
mologist. Subspecialty training desirable, not 
required. Unusually fine opportunity to join a busy 
practice in a wonderful city. Exceptional salary, 
benefits and lifestyle. Interested individuals should 
forward CV to: Reply Box #604, c/o AOP. 





ATTENTION PHYSICIAN RECRUITERS. The 
“Classified Advertising” sections now in all nine 
AMA Specialty Journals target the physician you 
want. These highly visible sections put your 
message in the hands of every specialist that quali- 
fies for your professional opportunity, every month. 
To place the ad of your choice, any size, call toll 
free: (800) 237-9851; or in Florida (800) 553-8288. 





All classified advertising orders, correspondence and payments should be directed to: Archives of Ophthalmology, P.O. Box 1510, 
Clearwater, Florida 34617. Our telephone numbers are: National 800-237-9851: in Florida 800-553-8288; Local 813-443-7666. Please do 
not send classified ads, payments or related correspondence to the AMA headquarters in Chicago. This causes needless delay. 


plies must be in writing and must cite the box number in the ad. Example: 
, C/O AOP, P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their 
mail sent in care of Archives of Ophthalmology. 





Professional Opportunities | 


OPHTHALMOGIST — Very busy general surgical/ 
medical ophthalmology practice needs additional 
associate. Tremendous financial opportunity in a 
beautiful community between Chicago and Mil- 
waukee on Lake Michigan. Skills in medical and/or 
surgical retina could expand practice, but are not 
required. Send CV to: Robert H. Lehner, Jr., MD, Eye 
Clinic of Racine, Ltd., 3805 Spring Street, P.O. Box 
1677, Racine, WI 53401. (414) 637-9615. 


EXCELLENT OPPORTUNITY to join a busy oph- 
thalmology practice in San Antonio, Texas. Medical 
ophthalmologist preferred; will consider general 
ophthalmologist or fellowship trained subspecialty. 
Send complete CV. Reply: Box 602, c/o AOP. 





UTAH: General ophthalmologist (BC/BE) with sub- 
specialty interest in retina, plastics or pediatrics to 
join busy, established, ethical practice in beautiful, 
growing rural resort/retirement community with 
drawing area of 100,000. Incredible scenery and 
outdoor recreation opportunities. New office with 
excellent technical staff, lasers, Medicare certified 
surgery and optical shop. Send curriculum vitae to: 
Kelly Parker, 1085 South Bluff, St. George, UT 
84770. 





PLEASE NOTE— Address replies to box number 
ads as follows: Box number, ——— — —, c/o AOP, 
P.O. Box 1510, Clearwater, FL 34617. 













PEDIATRIC 
OPHTHALMOLOGY 













= POSITION 


© 





The Department of Ophthalmology and 
Visual Sciences Center at Texas Tech 
University Health Sciences Center in 
Lubbock, Texas is seeking a fellowship 
trained pediatric ophthalmologist to join 
its rapidly expanding ophthalmology 
program. 










Academic teaching and research activi- 
ties are vital components of this position. 
The successful candidate must be board- 
certified or board-eligible in ophthalmol- 
ogy. Salary and benefits are commensu- 
rate with training and experience. 










Interested individuals should forward 
curriculum vitae and four references to: 










DONALD R. MAY, MD 
Professor and Chairman 
Department of Ophthalmology 

& Visual Sciences 


TEXAS TECH UNIVERSITY 
HEALTH SCIENCES CENTER 
Lubbock, TX 79430 


For more information, please call: 
(806) 743-2412 







~ 








[Professional Opportunities 


SOUTHERN CALIFORNIA — Ophthalmologists. 
CIGNA Healthplans invites you to join our innova- 
tive and dynamic managed health care team. Our 
nulti-disciplinary HM@ practice provides a suppor- 
tive and collegial workenvironment at 31 locations. 
You will enjoy a wealth of cultural and recreational 
activities, access to major academic centers and 
an excellent compensation package. Call collect: 
(818) 500-6570. Or send CV to: Robert Harrington, 
MD, Professional Rectuitment, CIGNA Healthplans 
of California, 505 North Brand Boulevard, Suite 
400-33, Glendale, CA 91203. 


WISCONSIN — The Ashland Eye Clinic, s.¢.,.8 
prosperous. long established practice located in 
Ashland, Wisconsin on Lake Superior, needs one 
BC/BE ophthalmologist now and another within 2-3 
years. Competitive saiary plus incentive first year, 
therenegotiabletbuy-in as present two partners wish 
to retire within five years. Clinic building is attrac- 
tive, modern, spacious and fully equipped, with new 
physician-owned optical, well trained staff and low 
Overhead. Four-year college and vocational college 
in Ashland, withgraduate programs within commut- 
ing distance. Medern, 100-bed hospital with 37 phy- 
sicians on staff. Great fishing, sailing, skiing, ski- 
flying and hunting. Please call: Kenneth A. Morrow, 
MD (715) 682-8146; or John W. Doty, MD (715) 
682-9298, collect, evenings. Or write, enclosing CV: 
P.O. Box 233, Ashland, WI 54806. 


( 2 ii a el 
NORTHERN CALIFORNIA — The Permanente 
Medical Group, a growing multi-specialty group, is 
seeking a BC/BE ophthalmologist for our Sacra- 
mento facility. Subspecialty training in cornea/ 
external disease preferred but not required. Present 
staff includes 13 ophthalomogists and 16 optome- 
trists serving over 490,000 patients. Competitive 
salary and outstanding benefits. Send CV to: James 
E Hine, MD, Chief, Department of Ophthalmology, 
The Permanente Medical Group, INC., 2025 Morse 
Avenue, Sacramento, CA 95826. EOE. 







UNIVERSITY OF MINNESOTA 
TWIN CITIES 


A full-time, probationary assistant professorship, tenured associate or tenured 
professorship in ophthalmology is open January 1, 1990 at the University of 
Minnesota. Upon a decision by the department head and the dean, if selected 
candidate meets criteria for and is appointed as associate or full professor, 
position may be awarded the Lyon chair in ophthalmology. 







Position includes patient care and surgical responsibilities in pediatric ophthal- 
mology; didactic and clinical teaching from fellowship to pareprofessional level; 
and basic and Clinical research, especially involving multi-center clinical studies. 


PROBATIONARY ASSISTANT PROFESSOR 
MD required. Demonstrated involvement in quality research accepted or pub- 
-lished in peer-reviewed journals. Competence in communication and in the 
teaching of students. 


TENURED ASSOCIATE PROFESSOR 
MD required. Professional distinction in research and writing anddemonstrated 
effectiveness in teaching and advising. 


TENURED PROFESSOR 
MD required plus national reputation in research and evidence of leadership in 
candidate’s professional field. 


Minimum academic preparation and experience: Completion of ophthalmology 
residency plus a one-year pediatric ophthalmology fellowship. Ophthalmology 
board-certified (board-eligible at assistant level). Demonstrated research capa- 
bility with interest in multi-center clinical studies. One to five years experience in 
treatment and surgery of pediatric ophthalmology. 
Last day for receipt of applications: November 30, 1989. 
Send resumes to: 
C. Gail Summers, MD, Chairman, Search Committee 


Department of Ophthalmology 
516 Delaware Street, Minneapolis, MN 55455 


The University of Minnesota is an equal opportunity educator and employer, 
and specifically invites and encourages applications from women and minorities. 
























THE WILMER EYE INSTITUTE 


OF 


THE JOHNS HOPKINS UNIVERSITY SCHOOL OF MEDICINE 


is accepting applications for 


Anterior Segment Specialist 


and 
Director of 


An Affiliated Residency Training Program 


The Johns Hopkins University School 
position of anterior segment specialist 


of Medicine is now accepting applications for the 
and director of an affiliated residency training pro- 


gram. Persons witha distinguished record of accomplishment in anterior segment relating to 


teaching, research, administration and clinical care are invited to apply. Academic rank and 
compensation are dependent upon prior experience. 


A detailed curriculum vitae, including a list of publications and four (4) letters of recommenda- 


tion should be addressed to: 


Morton F. Goldberg, MD 
Professor and Chairman 


THE WILMER EYE INSTITUTE 


600 North Wolfe Street, Baltimore. MD 21205 





The Johns Hopkins University 


Maumenee 505 


is an equal opportunity / affirmative action employer. 
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Professional Opportunities 


GREAT PRACTICE — General ophthalmology in 
scenic southern Utah. Call: Aftco Associates, (303) 
759-0100. 1777 South Harrison Street, Suite 508, 
Denver, CO 80200. 


MIAMI — Busy, well established solo practice with 
licensed A.S.C. seeks BE/BC ophthalmologist for 
long term association. CV to: Administrator, Miami 
Eye Center, 619 Northwest 12th Avenue, Miami, FL 
33136. 


E epee UUO 
OPHTHALMOLOGIST: Cataract practice in the San 
Diego area is seeking an outstanding ophthalmolo- 
gist — subspecialty preferred. Please send CV to: 
Anderson Eye Institute, 3939 Third Avenue, San 
Diego, CA 92103. 


aaao 
NORTHERN VIRGINIA — General ophthalmolo- 
gist, located 20 minutes from downtown DC and 
near a Metro Station, desires a buy/sell agreement 
for a well-established practice of 24 years in same 
location. Ideal for a beginning or relocating oph- 
thalmologist. Send resume to: P.O. Box 371 1, Merri- 
field, VA 22081. 


Faculty Positions 


RETINA SPECIALIST — State University of New 
York at Stony Brook School of Medicine. MD with 
board-certification or -eligible and completion of 
fellowship program in retina Subspecialty training. A 
background in ERG and pediatric retinal disease is 
preferred. Recruiting at assistant professor level to 
complement existing faculty in clinical, research 
and administrative capabilities, including the teach- 
ing and supervision of Students, residents and other 
faculty. Competitive Salary and generous benefits 
package. Position available January 1, 1990, but no 
later than July 1, 1990. To apply, forward CV to: Dr. 
Barry Golub, SUNY at Stony Brook, Department of 
Ophthalmology, HSC L2/152, Stony Brook, NY 


11794-8123. Equal opportunity employer. 







LSU 
EYE CENTER 


Has an opening for a 


PEDIATRIC 
OPHTHALMOLOGIST 


Applicant must be board- 
certified and have had 
fellowship in pediatric 
ophthalmology. Interest or 
training in neuro- 
ophthalmology desirable. 












Interested applicants send 
Curriculum vitae and 
bibliography to: 






Herbert E. Kaufman, MD 
LSU EYE CENTER 

2020 Gravier Street, Suite B 
New Orleans, LA 70112 










LSU Medical Center is an 
equal opportunity/affirmative 
action employer. 





























Faculty Positions 


ASSISTANT PROFESSOR (Or appropriate higher 
rank). Position available immediately. Salary appro- 
priate to rank. Requirements: MD degree with at 
least three years of postdoctoral! training in general 
ophthalmology and at least one year fellowship 
training in cornea and external disease. Boarded or 
board-eligible, American Board of Ophthalmology. 
Texas medical license required. Demonstrated skills 
in organizing programs for physicians learning oph- 
thalmology. Demonstrated leadership skills. Re- 
search interests in cornea in external disease. Des- 
Cription of duties: Responsible for didactic and 
Clinical training of residents and practicing oph- 
thalmologists, developing referral practice, partici- 
pating in research, and providing high quality resi- 
dent and medical student teaching. Send: curriculum 
vitae, cover letter and three letters of reference to: 
James P. McCulley, MD, Ophthalmology, UT 
Southwestern Medical Center, 5323 Harry Hines, 
Dallas, TX 75235-9057. Telephone inquiries are not 
acceptable. Equal opportunity employer. 


ASSOCIATE IN OCULAR VASCULAR diseases. 
The Ocular Vascular Service of the Department of 
Ophthalmology, University of lowa, College of Med- 
icine, has an opening for an ophthalmologist at the 
associate level, beginning July 1, 1989. The candi- 
date must have had a residency in ophthalmology 
and preferably boards in ophthalmology or equiva- 
lent certification from abroad. Research experience 
in ophthalmology, preferably in retinal or vascular 
disorders, is highly desirable. The University of lowa 
is an equal opportunity and affirmative action 
employer. Minorities and women are encouraged to 
apply. Interested persons are invited to direct inquir- 
ies and submit vitaes with names of three references 
to: S.S. Hayreh, MD, Ph.D, D.Sc, Department of 
Ophthalmology, University of lowa Hospitals, lowa 
City, lowa 52242. 


PLEASE NOTE— Address replies to box number 
ads as follows: Box number, ———, c/o AOP. 
P.O. Box 1510, Clearwater, FL 34617. 








Clinical 
Researcher 


Position exists for an optometrist 
or ophthalmologist licensed in the 
state of California to lead and/or 
participate in instrument develop- 
ment projects. Strong preference 
will be given to applicants who 
hold a degree in Engineering, 
Physics, Mathematics and/or sta- 
tistics, and to those having specific 
experience in instrument develop- 
ment or other related research, 
Priority will also be given to those 
having strong expertise in specific 
applicable specialities, e.g. glau- 
coma or retina, and to those skilled 
in writing scientific reports. We 
offer an excellent compensation 
package. Time will be allowed to 
maintain clinical skills. Salary com- 
mensurate with expertise. Please 
send curriculum vitae to: 


Kristina Grasso 
Allergan Humphrey 
2992 Alvarado Street 
San Leandro, CA 94577 


Equal Opportunity Employer, 


ALLERGAN 
HUMPHREY 
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VITREORETINAL l 
SURGEON 


PEDIATRIC 
OPHTHALMOLOGIST 


Thriving, established midwest 
practice consisting of four 
ophthalmologists and 
otolaryngologist is expanding 
to subspecialty care. 





All in house equipment, 
including Yag and 
Argon/Krypton lasers. Strong” 
referral base guarantees good 
income. Excelient benefits 
and easy practice buy-in to 
full partnership. 










Applicants should be board- 
certified or -eligible with 
good surgical skills and 
patient rappor. 







Reply to: 
BOX #603, c/o AOP 












WANTED! 


Vitreo-Retinal 
surgeon 


to join incorporated 
soloist in vitreo-retinal 
practice. Active surgical 
volume with opportunity 
for additional growth. 


Require exoerience in 
retinal detachment 
repair, vitreous surgery, 
photocoagulation, 
ultrasonography, 
fluorescein angiography. 
Competitive salary and 
benefits. 

For further information 
pease write to: 

Midwest Retina 
Associates, Inc. 


2900 Baltimore 
Suite 520 
Kansas City, MO 64108 


























— 





Directors Wanted 


VITREOUS-RET NAL SURGEON — Minneapolis: 
BC/BE ophthalmolocistwith subspecialty training 
in vitreows-retinal surgery needed to join the 10- 
member Department of Ophthalmology and serve 





a as director of theretinal surgery program of the Park 


Nicollet Medical Center and the International Dia- 
betes Center. Our eseablished vitreous-retinal spe- 
cialty clinic is fulty equipped for our high pathology 
practice with læser, ultrasound and fluorescein 
angiograpny Gur specialty staff includes two 
COMTs and an cfficeassistant. Candidates desired 
with interests in 2aching and clinical research. Our 
290-physician multi-specialty medical clinic in the 
attractive Minnespolis/St. Paul area is highly repu- 
table, well-stab «shee and has been in existence for 
38 years. Salary .nd Benefits would be exceptional. 
Send CV and levers of inquiry to: Patrick Moylan, 
Park Nicollet MesicalCenter, 5000 West 39th Street, 
Minneapelis, Mh 554°6. 


Posttions Available 


-REPS WANTED — Summit Optics, Inc. is looking 
for sales sepresentatives for custom post operative 
dressing ‘rays amd pkarmaceuticals. Send resume 
to: 2402 Northwest 56th Court, Gainesville, FL 
32606-1632. 





Positiens Wanted 


BOARD-CERTIPIED OPHTHALMOLOGIST, 35, 
seeks practice position: New York, Connecticut, 
New Jersey, with parmership potential. Reply: Box 
601, c/o AOP. 





= Sellowships 


‘CORNEA FELLOWSHIP 


A fellowship ir correaand external disease is 
offerec Dy a arge volume corneal referral 
practice, Cormeal Consultants of Indiana. The 
position is for 1 to 2 years and will provide 
significant exposure to medical and surgical 


cornea! Cisease inciuding PKP, IOL exchange, 
keratomileusss, lemetlar procedures and 
hydroge’ iniays. Involvement in research ac- 
tivities is ene@urae@ed. Interested applicants 
should contac: Francis W. Price, Jr., MD or 
William E. Whieson, MD at 9002 North Meridian 
Street, Suite 190, |Imdianapolis, IN 46260. 


Medica! Equipment / Supplies 


GREAT SALE — Office closes! Two operatories 
available 34 years ald): Reliance and Topcon; 
Autaperimeter — 31,750. Call: (800) 748-5748. MFI 
Medical. 





DOCTORS: Den” throw your equipment away. We 
pay top dollar fc your equipment. We buy, sell, 
service optical ecuiprment Write or call your list of 
inventory tc: Beiose Refracting Equipment Com- 
pany, 3734 Oakten Street, Skokie, IL 60076-3444. 
(708) 675-2300. Established 1953. 


re a al itis aire Sa gE 
J.R. OPTICAL will help you dispose of surplus 
instruments andequipment. Our southwest service 
center repairs ane rebailds most ophthalmic instru- 
ments, both current amd obsolete. J.R. Optical, Inc., 
P.O. Box 2036, Hurst, TX 76053. (817) 282-6104. 


N iscellaneous 













se, INTERPRETATIONS 


nly $9.00 
A HISTORY OF PROFESSIONAL SERVICE 
Ask about aur Developing and Printing 
Services. Call tol! free: 1-800-851-5038. In 
Tennessee, cal! collect: 1-901-683-6821. 
THE ANGI®GRAM READING CENTER 
P.O. Box 177804 © Memphis, TN 38187 
































UNIVERSITY OF MINNESOTA 


TWIN CITIES 








A full-time, probationary assistant professorship, tenured associate or tenured 
professorship is available January 1990 in the Department of Ophthalmology at 
the University of Minnesota. Upon a decision by the department head and the 
dean, if candidate selected is appointed at associate or full proiessor, position may 
be awarded a research chair. 


PROBATIONARY ASSISTANT PROFESSOR 


MD required. Demonstrated involvement in quality research accepted or published in 
peer-reviewed journals. Competence in communication and the teaching of students. 


TENURED ASSOCIATE PROFESSOR 


MD required. Professional distinction in research and writing, anddemonstrated effec- 
tiveness in teaching and advising. 


TENURED PROFESSOR 


MD required plus national reputation in research, and evidence o' leadership in candi- 
date’s professional field. 


Minimum academic preparation and experience: Completion of ophthalmology resi- 
dency plus a one-year glaucoma fellowship. Board-certified in ophthalmology (BE at 
assistant level). Demonstrated research capability. One to five years experience in the 
treatment and surgery of glaucoma. 

Glaucoma outpatient, inpatient and surgical responsibilities. Teaching responsibilities 
from fellows to paraprofessionals and basic and clinical research with current or 
potential RO1 experience or eligibility. 


Send resumes to: J.D. Wirtschafter, MD, Chairman, Search Committee 
DEPARTMENT OF OPHTHALMOLOGY, UNIVERSITY OF MINNESOTA 
Box 493 UMHC, 516 Delaware Street Southeast, Minneapolis, MN 55455. 


Last day for receipt of applications: December 30, 1989. 


The University of Minnesota is an equal opportunity educator amd employer, and 
specifically invites and encourages applications from women and minorities. 












PEDIATRIC 
OPHTHALMOLOGIST 


Fellowship 





Fellowship KANSAS CITY 
p i Fellowship trained ophthalmol- 





ogist to join two board-certified 
generalists and establish second 
subspecialty department. 





External Disease — 
Contact Lenses/ 
Anterior Segment 





Ultra-modern offiee with state- 
of-the-art equipment and vigor- 
ous growing practice. Ethical. 
Stimulating environment, clini- 
cal research, 50 papers published 






July 
1990-1991 
















Write: from our practice. 
Department of Exceptional offer/ salary, fringes, 
Ophthalmology production incentive. 
UNIVERSITY OF TR 
CONNECTICUT John C. Hagan IIL MD, FACS 
Farmington, CT MIDWEST 
06032 EYE INSTITUTE 
(203) 521-7500 OF KANSAS CITY 
Attention: 2700 Hospital Drive 





P.C. Donshik, MD North Kansas City, MO 64116 
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ee | Liquifilm® sterile ophthalmic solution 








Pilag an” (pilocarpine nitrate) 


with C Cap™ Compliance Cap Q.I.D. 





INDICATIONS AND USAGE: Pilagan Liquifilm is indicated for: 

1) The control of intraocular pressure in glaucoma. 

2) Emergency relief of mydriasis in an acutely glaucomatous 
situation. 

3) To reverse mydriasis caused by cycloplegic agents. 


CONTRAINDICATIONS: Pilagan Liquifilm is contraindicated in per- 
sons showing hypersensitivity to any of its ingredients. 


WARNINGS: Pilocarpine is readily absorbed systemically through 


the conjunctiva. Excessive application (instillation) may elicit systemic 
toxicity symptoms in some individuals. 


PRECAUTIONS: General: Pilocarpine has been reported to elicit 
retinal detachment in individuals with pre-existing retinal disease or 
predisposed to retinal tears. Fundus examination is advised for all 
patients prior to initiation of pilocarpine therapy. Carcinogenesis, 
mutagenesis and impairment of fertility: No studies have been 
conducted in animals or in humans to evaluate the potential of these 
effects. Pregnancy Category C: Animal reproduction studies have 
not been conducted with pilocarpine. It is also not known whether 
pilocarpine can cause fetal harm when administered to a pregnant 
woman or can affect reproduction capacity. Pilocarpine should be 
given to a pregnant woman only if clearly needed. Pediatric Use: 
Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS: Adverse reactions associated with topical 
pilocarpine therapy include: visual blurring due to miosis and accom- 
modative spasm, poor dark adaptation caused by the failure of the 
pupil to dilate in reduced illumination, and conjunctival hyperemia. 
Miotics have been reported to cause lens opacities in susceptible 
individuals after prolonged use. Systemic reactions following topical 
use of pilocarpine are rare. 


= ALLERGAN PHARMACEUTICALS 
A Division of Allergan, Inc., irvine, CA 92713 
©1989 Allergan, Inc. 


SAY IT WITH STYLE! 





MANUAL OF STYLE 


The one to consult 
\ X J hether it’s a multi-volume work or a 


short article, you'll find the write stuff 
in the AMA Manual of Style. 

This 8th Edition, a major revision, is 
the standard among medical publishers. All 
major aspects of manuscript preparation are 
covered in five sections which outline: 

e Preparing an article for publication 

e Style ¢ Terminology è Measurement 
and Quantitation è Technical Information 
and Bibliography. 

Next time you have a question about 
making your medical writing more clear, 
concise and accurate, be ready with one 
simple answer — the AMA Manual of 
Style. Order your copy today! 

1988/377 pp/4351-X/$24.95 


CALL TOLL FREE TO ORDER 
1-800-638-0672 


from anywhere in the US. Maryland 
residents call 528-4221 COLLECT. 


Williams & Wilkins 
ice 428 East Preston Street 
Baltimore, MD 21202 
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IOLAB offers the one-piece lens styles that are important t 


because we understand your needs. 


Whether you prefer biconvex, plano or ridge... 7mm, 6.5mm or omm... 
we have the quality one-piece lenses with UVBLOC™ Plus ard 
Large Optic Zone that meet all your needs. 


IOLAB. For your many choices in one-piece lenses. 


Silay 


Mee, BA of 6 ale 
u 
a ohnscnachmen company 
1S 








Prior to use, please refer to the product information package insert for indications, cautiors, wamings and precautions. 
IOLAB Corporation, 500 IOLAB Dr, Claremont, CA 91711, 714/624-2020; Customer Servce -Twil Free: 800/255 - 2500 
2201 - 186-1240 






CAUTION: Investigational Device. Limited by 


Federal Law to investigational use. © ious 1968 
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A Division of Allergan, Inc. 
Irvine, CA 92713 
© 1989 Allergan, Inc. 


DEFEATS, 


Fin State: Boyle Leads in City 
» met BE age . 


From the collections of the St. Louis Mercantile I brary Association. 





WHAT'S ON TOP CAN MAKE ALL 
THE DIFFERENCE. 


‘a Pilaga 


Fine nitrate) 
Liquifilm® sterile ophthalmic solution 


a E with C Cap™ Compliance Cap QLD. 


Pilagan™ 
j we _  Pilagan is indicated for the control of intraocular pressure 
CCap= M in glaucoma. 
‘OL Please see adjacent page for brief prescribing information. 
9) 














IF YOU DON'T SPECIFY IT THEY WONT GET IT 
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New NSAID from Alcé 
Surgical: PROFENAL® © 
(suprofen) 1% Sterile 

Ophthalmic Solution — 
right on target in helping 
sustain pupillary dilation 
during cataract surgery. 


As challenging as cataract surgery 
can sometimes be, why risk less than 
satisfactory intraoperative mydriasis? 
Let the pupillary stabilizing effect of 
PROFENAL assist you in reducing the 
incidence of creeping miosis in your 
surgery. PROFENAL solution is a sure 
way to better your chances for being 
on target with a large pupillary bull's 
eye case after case. 


What it is. 


PROFENAL sterile ophthalmic 
solution from Alcon Surgical is a new 
nonsteroidal anti-inflammatory drug 
(NSAID), suprofen 1%, for short-term 
ophthalmic use. In double-masked, 
multicenter clinical studies involving 
over 400 cataract extractions, 
PROFENAL solution proved to be 
significantly more effective than 
placebo in inhibiting intraoperative 
miosis. Thus, it is an excellent 
adjunct for surgeons who desire to 
minimize the dangers and frustrations 
of pupillary constriction during 
cataract Surgery. 


NN 
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How it works. 


Prostaglandins, which are released 
during intraocular surgery, are 
believed to exert powerful 
constricting action on the iris 
sphincter causing progressive miosis. 
PROFENAL solution is thought to 
maintain intraoperative mydriasis 

by inhibiting the amount of 
prostaglandins liberated into the 
aqueous humor. 


How it benefits you. 


When used adjunctively with cataract 
surgery-related mydriatic and/or 
cycloplegic regimens, topically 
applied PROFENAL ophthalmic 
solution: 


Pupil treated with 
PROFENAL solution 
maintains a wider 
aperture, facilitates 
removal of lens 
material and eases 
IOL insertion. 
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m= Helps to sustain a 
larger intraoperative 
pupil throughout 
the case. 
= Facilitates removal of 
crystalline lens nucleus 
and cortical material. 

m= Enhances implantation, positioning 
tha dialing of posterior chamber 
IOLs. 


NSAID cautions, 
contraindications 


The potential exists for cross * 
sensitivity to an acetylsalicylic acid 
and other nonstercidal anti-inflam- 
matory drugs. Therefore, caution 
should be used when treating 
individuals who have previously 
exhibited sensitivites to these drugs. 


With nonsteroidal anti-inflammatory 
drugs, the potential exists for 
increased bleeding time due to 
interference with thrombocyte 
aggregation. There have been 
reports that ocularly applied 
nonsteroidal anti-inflammatory drugs 
may cause increased bleeding 
tendency of ocular tissues in 
conjunction with ocular surgery. 


Clinical studies with acetylcholine 
chloride revealed no interference anc 
there is no pharmacological basis for 


a larger target! 


such an interaction. 

However, with ather 

topical nonsteroidal anti- 
inflammatory poducts, there 

have been reports that 
acetylcholine chloride and carbachol 
have been ineffective when used in 
patients treatec with these agents. 


PROFENAL solution is 
contraindicated in epithelial herpes 
simplex keratitis (dendritic keratitis) 
and in individuals hypersensitive to 
hy component of the medication. 


As with all other NSAIDs, PROFENAL 
solution should be used with caution 
in patients with bleeding tendencies 
and those taking anticoagulants. 


(Large center target advantage 


PROFENAL ophthalmic solution 
allows you tc consistently center 
target your Surgery through a large 
pupillary opening. This is an 
advantage that provides both 
working ease and peace of mind. 


Doesn't it make good sense to add 
the target-hitting advantages of 
MROFENAL solution to your surgery? 


For a free trial sample of 
PPROFENAL solution, see your 
Alcon Surgical representative, 
call us, or send in the coupon. 


WSI OUR BOOTH (4078) AT THF £40 





PROFENAL solation is 
available in a 25 mL 
size. It comes packaged 
in a convenient 

plastic DROP-TAINER® 


Al : dispenser for 
con = 
administration. 
SURGICAL 
Alcon Surgical, Inc. 


6201 South Freeway 
Fort Worth, TX 76134-2099 


817/293-0450 = amen’, 

ORDER LINE: E 
1-800-TO-ALCON 
(1-800-862-5266) — aU 


See adjacent page for product disclosure information 
u å å å å å å å å å å å å å å å å å å å å a 
Alcon Surgical 6201 S. Freeway Fort Worth, TX 76134-2099 Attn: Jack Marshall T4-4 


Yes, I'd like to be right on target with PROFENAL® 


—— Please have an Alcon Surgical representative contact me for 
product trial. 


—— Please send additional information. 





Name 


Address 
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Profenal® 1% 


(Suprofen) 
Sterile Ophthalmic Solution 


DESCRIPTION: PROFENAL® (suprofen) 1%» ophthalmic solution is a topical non 
steroidal antuintlammatory product for ophthalmic use Suproten chemically ts 
a -methyl-4-(2-thenylcarbony!) benzeneacetic acid. with an empirical formula ot 
€34H1 9024S) and a molecular weight of 260.3 The chemical structure of suproten is 


pi CH3 
sC <_S-¢-c00r 
z H 


PROFENAL Sterile Ophthalmic Solution contains suprofen 1 0°» (10 mam). thi 
merosal 0 005% (0.05 mg/mL). cafteine 2% (20 mg/mL), edetate disodium, dibasn 
sodium phosphate. monobasic sodium phosphate, sodium chlonde,. sodium 
hydroxide and/or hydrochlone acid (to adjust pH to 7 4) and punted water DM-00 
CLINICAL PHARMACOLOGY: Suproten is one of a senes of phenylalkanoic acids 
that have shown analgesic, antipyretic, and anteinflammatory activity in animal 
inflammatory diseases. Its mechanism of action is beleved to be through inhibi 
hon of the cyclooxygenase enzyme that is essential in the biosynthesis ot 
prostaglandins 
Prostaglandins have been shown in many animal models to be mediators ot cer 
tain kinds of intraocular inflammation. In studies performed on animal eyes, pros 
taglandins have been shown to produce disruption of the blood- aqueous humor 
barner, vasodilatation, increased vascular permeability, leukocytosis, and 
increased intraocular pressure. Prostaglandins appear to play a role in the miotu 
response produced during ocular surgery by constncting the ms sphincter inde 
pendently of cholinergic mechanisms. In clinical studies. PROFENAL has been 
shown to inhibit the miosis induced during the course of cataract surgery PRO 
FENAL could possibly interfere with the miotic effect ot intraoperatively admins 
tered acetyicholine chlonde 
Results from clinical studies indicate that PROFENAL ¢ Jphrhalmic Solution has no 
significant effect on intraocular pressure 
There are no data available on the systemic absorption of ocularly applied supro 
ten. The oral dose of suprofen is 200 mg every four to six hours. H PROFENAL 1% 
Ophthalmic Solution is applied as two drops (1 mo suprofen) to one eye tive time: 
on the day pror to surgery and three times on the day of surgery. the total applied 
dose over the two days would be about 25 times less than a single 200 ma 
oral dose 
INDICATIONS AND USAGE: PROFENAL | Iphthalmic Solution +s indicated tor mhu 
bition of intraoperative miosis 
CONTRAINDICATIONS: PROFENAL is contraindicated in epithelial herpes sim 
plex keratitis (dendnuc keratitis) and in individuals hypersensitive to any Compo 
nent ot the medication 
WARNINGS: The potential exists for cross sensitivily to acetyisalicyiic acid and 
other nonsteroidal antiinflammatory drugs. Therefore, caution should be used 
when treating individuals who have previously exhibited sensitivities to these 
drugs 
With nonsteroidal anti-intlammatory drugs, the potential exists tor increased 
bleeding time due to interference with thromboc yte agqregation. There have been 
reports that ocularly applied nonsteroidal antiinflammatory druas may cause 
increased bleeding tendency ot ocular tissues in « onjunchion with ocular surgery 
PRECAUTIONS: 
General. Use of oral suprofen has been associated with a syndrome ot acute flank 
pain and generally reversible renal insutficiency, which may present as acute ur 
acid nephropathy. This syndrome occurs in approximately 1 in 3500 patents and 
has been reported with as tew as one to two doses of a 200 mq capsule It PRO 
FENAL 1% Ophthalmic Solution ts applied as two drops (1 mg suprofen) to one eye 
five times on the day prior to surgery and three times on the day Of Surgery, the 
total applied dose over the two days would be about 25 times less than a single 
200 mg oral dose 
Ocular. Patients with histones of herpes simplex kerattis should be monitored 
closely. PROFENAL ıs contraindicated in patients with active herpes simplex 
keranns 
The possibility of increased ocular bleeding during surgery associated with 
nonsteroidal ant-intlammatory drugs should be considered 
Carcinogenesis, Mutagenesis, Impairment of Fertility. In an 18-month study in 
mice, an increased incidence of benign hepatomas occurred in females at a dose 
of 40 mq/kg/day. Male mice, treated at doses of 2, 5, 10 and 40 ma/ka day, also 
had an increased incidence of hepatomas when compared to control animals. No 
evidence of carcinogenicity was tound in long-term studies in doses as high as 40 
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The New Math 


One school of thought considers Propine and pilocarpine 
to be equivalent in the ‘concomitant therapy’ equation. They 
are anything but. 

Propine is nonmiotic. It will not cause the inconvenience 
frequently associated with miosis. 

And Propine’s b.i.d. dosage is simpler than the typical daily 
regimen of q.i.d. pilocarpine-which may help compliance. 

As might the C Cap Compliance Cap,” which sits 
atop every bottle. 

Propine or pilocarpine? Today's answer is clear 


Propine™ (dipivefrin HC) 





“ . . . 
ophthalmic solution, USP, 0.1% with 
r . pi 
C Cap™ Compliance Cap B.1.D. wm 2 i 
Note that Propine should not be used in patients with amet 
narrow angles or those hypersensitive to its components. C Cap” 
COMPLIANCE CAP 


Please see adjacent page for brief prescribing information. BID. 


PROPINE"(dipivefrin HCl) 


ophthalmic solution, USP, 0.1% with 
C CAP z Compliance Cap B.I.D. 


INDICATIONS: Propine (dipivefrin HCI) is indicated as initial 
therapy for the control of intraocular pressure in chronic open- 
angle glaucoma. Patients responding inadequately to other 
antiglaucoma therapy may respond to addition of Propine. In 
controlled and open-label studies of glaucoma, Propine 
demonstrated a statistically significant intraocular pressure- 
lowering effect. Patients using Propine twice daily in studies 
with mean durations of 76-146 days experienced mean pres- 
sure reductions ranging from 20-24%. Therapeutic response 
to Propine twice daily is somewhat less than 2% epinephrine 
twice daily. Controlled studies showed statistically significant 
differences in lowering of intraocular pressure between Propine 
and 2% epinephrine. In controlled studies in patients with a 
history of epinephrine intolerance, only 3% of patients treated 
with Propine exhibited intolerance, while 55% of those treated 
with epinephrine again developed intolerance. Therapeutic 
response to Propine twice daily therapy is comparable to 2% 
pilocarpine 4 times daily. In controlled clinical studies com- 
paring Propine and 2% pilocarpine, there were no statistically 
significant differences in the maintenance of IOP levels forthe 
two medications. Propine does not produce miosis or accom- 
modative spasm which cholinergic agents are known to 
produce. The blurred vision and night blindness often asso- 
ciated with miotic agents are not present with Propine therapy. 
Patients with cataracts avoid the inability to see around len- 
ticular opacities caused by constricted pupil. CONTRAINDICA- 
TIONS: Propine® should not be used in patients with narrow 
angles since any dilation ofthe pupil may predispose the patient 
to an attack of angle-closure glaucoma. This product is con- 
traindicated in patients who are hypersensitive to any of its com- 
ponents. PRECAUTIONS: Aphakic Patients. Macular edema has 
been shown to occur in up to 30% of aphakic patients treated 
with epinephrine. Discontinuation of epinephrine generally 
results in reversal of the maculopathy. Pregnancy: Pregnancy 
Category B. Reproduction studies have been performed in rats 
and rabbits at daily oral doses up to 10 mg/kg body weight 
(5 mg/kg in teratogenicity studies), and have revealed no 
evidence of impaired fertility or harm to the fetus due to 
dipivefrin HCI. There are, however, no adequate and well- 
controlled studies in pregnant women. Because animal 
reproduction studies are not always predictive of human 
response, this drug should be used during pregnancy only if 
clearly needed. Nursing Mothers. It is not known whether this 
drug is excreted in human milk. Because many drugs are 
excreted in human milk, caution should be exercised when 
Propine is administered to a nursing woman. Usage in Children. 
Clinical studies for safety and efficacy in children have not been 
done. Animal Studies. Rabbit studies indicated a dose-related 
incidence of meibomian gland retention cysts following topical 
administration of both dipivefrin hydrochloride and epinephrine 
ADVERSE REACTIONS: Cardiovascular Effects. Tachycardia, 
arrhythmias and hypertension have been reported with ocular 
administration of epinephrine. Local Effects. The most frequent 
side effects reported with Propine alone were injection in 6.5% 
of patients and burning and stinging in 6%. Follicular conjunc- 
tivitis, mydriasis and allergic reactions to Propine have been 
reported infrequently. Epinephrine therapy can lead to 
adrenochrome deposits in the conjunctiva and cornea. 
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IN 1969 
ARGON LASERS REVOLUTIONIZED - 
OPHTHALMOLOGY. 
AT THE A.A.0. 1989 
KEELER INSTRUMENTS 
/ WILL INTRODUCE 


THE FIRST 
TRANSPUPILLARY DIODE LASER, 
AND REVOLUTIONIZE 


OPHTHALMOLOGY 


Clinical Evaluations 

Moorfields — London 

St. Thomas — London 

Bascom Polmer — Miami 
Wilmer Eye — Baltimore 
University Wisconsin — Madison 
Estelle Doheny — Los Angeles 





Microlase is a brand new and 
exciting development by Keeler 
which is utilizing the very latest 
in laser diode technology to bring 
the Ophthalmologist the first 
truly portable, efficient and 
affordable diode laser designed 
for retinal photocoagulation and 
laser trabeculoplasty. 


The Keeler Microlase is a self-contained unit weighing 
less than 10 pounds and utilizes an invisible wavelength 
of 810nm. Dielectric filters are utilizad fo protect the 
physician. A mechanical shutter system is not neces- 
sary and the physician visualizes an uninterrupted view 
of the retina during treatment. 


The Keeler Microlase requires no special electrical or 
cooling facilities and easily attaches to the tonometer 
plate of any Haag Streit or Topcon SL3E slit lamp 
making this innovative laser entirely portable. 


Keeler Instruments, innovators in optical technology 
for the Ophthalmologist will introduce Microlase at 
the A.A.O. In New Orleans. We invite you fo visit and 
discover personally how the development of diode 
technology for transpupillary photocoagulation will 
revolutionize the future of lasers in ophthalmology. 


References 

Brancato Rosario MO: Retinal photocoagulation with diode 
laser operating fromma slit lamp microscope. Lasers dnd Light 
in Ophthalmology. Vol 2 ne i pp 73-78 (1988) 


McHugh, J.D.A., Marshall? ... Capon, M., Rothery, S 
Raven, A., Naylor, REP. : Tramspupiliary retinal photocoaguit 
tion in the eyes of ranbit anShumon using a diode laser 
Lasers and Light in Cohthatmology. Vol 2 no 2 pp 125-143 
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Keeler Instruments Inc. 
456 Parkway 

Broomall PA.19008 

Call 800-523-5620 

(PA Res.) 215-353-4350 
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? Two New 
nctum Plug Kits 





U.S. Patent No. 3,949,750 
and other Patent Pending 


For use in the treatment of keratitis sicca by reversible occlusion of the punctum and canaliculus. 


LARGE SIZE #0009 


25% wider diameter than Standard Size Plug for patients with 
lax lids and large puncta, featuring Medium Size Plug dome. 





2.8mm Length 


PUNCTUM FLOW 
CONTROLLER # 0008 


Standard Size Plug with open nose to modulate the flow of 
lacrimal fluid through a punctum and canaliculus. 
x 


2.3mm Length 


Complementing our growing family of een 
Eagle Vision-Freeman” Punctum Plug Kits. —___ _ 


STANDARD SIZE # 0001 


MEDIUM SIZE #0003 


SMALL SIZE #0004 


New improved nose design for easier insertion. 





2.8mm Length 
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EACH KIT CONTAINS: 

/ / 2-Punctum Plugs of medical grade 

Wy silicone 

1- Dilator/inserter combination 
instrument 

inserter Physician instructions 





Products #0001, #0003 and #0004 also available in 
MULTI-PACK KITS with 10 Punctum Plugs each. 


For more information or to order: 
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1.6mm Length 


Introduction of punctum plug 
held in place by inserter end #~ 
of dilator/inserter instrument, 
using Lid Fixation Forceps. 


EAGLE VISION-FREEMAN © 
LID FIXATION FORCEPS 


—available as a separate item 


EA 


© EAGLE VISION, INC., 1989 


6263 POPLAR AVE., SUITE 650, MEMPHIS, TN 38419 


a EOV EAGLE VISION 
(800) 222-7584 © (901) 682-9400 » 


FAX (901) 761-5736 
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Instructions for Authors 


Nove: Please read these instructions carefully—technical deficien- 
cies must be corrected before manuscripts can be reviewed. 

Send manuscripts to the Editor, Morton F. Goldberg, MD, The 
Wilmer Institute, “he Johns Hopkins Hospital, 600 N Wolfe St, Bal- 
timere, MD, 21205; (301) 955-1358. Manuscripts are received with the 
understanding that they have not previously been published any- 
wherein any language and are not under simultaneous consideration 
by another publica-ion. A complete manuscript submitted following 
presentation or publication of preliminary findings elsewhere (eg, in 
an abstract) can beconsidered. Include copies of possibly duplicative 
material. Acceptedkmanuscripts become the permanent property of 
the ARCHIVES and may not be published elsewhere without permis- 
sion from the pubisher (AMA). After initial publication, certain 
articles will appear in translation in the Chinese-language 
edition. 

The text should. in general, not exceed 14 double-spaced type- 
written pages. 

Transmittal letters to the editor must contain the following language: 
“In consideration of the American Medical Association’s taking action 
in reviewing and editng my submission, the author(s) undersigned hereby 
transfers, assigns, or otherwise conveys all copyright ownership to the 
AMA im the event ‘that such work is published by the AMA.” This 
statement must be sizned by a// authors listed before it can be sent out 
for review. We regret that transmittal letters not containing the 
foregoing language signed by all authors of the submission will 
necessitate delay in tae review of the manuscript. 

In case the work was done by a federal employee, each author 
must include a sigmed statement that the work reported was done 
while he or she was employed by the federal government. 

Auther Responsibiity.—All accepted manuscripts are subject to 
copy editing. The corresponding author will receive an edited 
typescript rather tàan galley proofs for approval. The author is 
responsible for all statements in his work, including changes made 
by the copy editor. Designate one author as correspondent and 
provide his address and telephone number. A manuscript should 
not ordinarily list more than six authors. If more than six authors 
are listed, a detaileé written description of each person’s personal 
contributions shoul’ be submitted with the manuscript. Such 
contributions must »e substantial. 

Manuscript Preparation.—Submit an original typescript and two 
high-quality copies. All copy (including references, legends, and 
tables) must be tyred double-spaced on 21.6 x 27.9-cm (8% x 11- 
in) paper. Margins ef at least 2.5 cm (1 in) must be provided. If a 
word processor is usd, do not justify the right margin. 

Titles.—Titles should be short, specific, and clear and typed on a 
special page. They should not exceed 42 characters per line, 
including punctuation and spaces, and be limited to two lines, if 
possible: The title sage should include the first name, middle 
initial, and last name of all authors with their highest academic 
degree and professicnal affiliation of all authors and city location. 
It should also include the address (if different from the senior 
author’s) to which requests for reprints should be sent. 

Informed Consent.— Manuscripts reporting the results of experi- 
menzal investigations of human subjects must include a statement 
to the effect that egal requirements governing consent were 
met. 

Refer to patients by number, eg, patient 1 (or, in anecdotal 
reports, by fictitious@iven names). 

Proprietary Statement.—If the article discusses in any way a 
device, equipment, aa instrument, or a drug, the author(s) must 
state in a footnote w iether they do or do not have any commercial 
or proprietary interest in the product or company. Likewise, they 
must reveal whether hey have any financial interest or receive pay- 
ment as a consultant. reviewer, or evaluator. In addition, authors 
must disclose any financial interest owned by a spouse, minor child, 
blood relative living in the same household, or known to be held by 
the auther’s employer, partner, or business associate. 

Abstraet.—Provide an abstract (135-word maximum) of the 
article, including statements of the problem, method of study, 
results, and conclussons. The abstract should be specific and 
sufficientty complete -o allow the reader a quick evaluation of the 
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paper. Do not include a “summary” section in the main manu- 
script. 

References.—List references in consecutive numerical order (not 
alphabetically). Once a reference is cited, all subsequent citations 
should be to the original number. All references must be cited in 
the text or tables. Unpublished data and personal communications 
should not be listed as references but parenthetically within the 
text. References to journal articles should include (1) author(s) (if 
more than six, write “et al” after the third name), (2) title, (3) 
journal name (as abbreviated in Index Medicus), (4) year, (5) 
volume number, and (6) inclusive page numbers, in that order. 
References to books should include (1) author(s), (2) chapter title 
(if any), (3) editors (if any), (4) title of book, (5) city of publication, 
(6) publisher, (7) year, and (8) page, if indicated. Authors are 
responsible for the accuracy of the references. 

SI Units.—Use Système International (SI) measurements 
throughout the manuscript. (Exceptions are visual acuity mea- 
surements and intraocular pressure recordings.) 

Illustrations.— Use only those illustrations that clarify and aug- 
ment the text. More than ten total illustrations per manuscript 
would have to be justified. Submit illustrations (5x7 in) in 
triplicate, wnmounted and untrimmed, each set separately pack- 
aged. Do not send original artwork. Serd high-contrast glossy 
prints. Figure number, name of senior author, and arrow indicat- 
ing “top” should be typed on a gummed label and affixed to the 
back of each illustration. Illustrations submitted for publication 
may be relettered to achieve uniformity of lettering style 
throughout the journal. Magnification and stain should be pro- 
vided when pertinent. 

Illustrations in full color are accepted for publication if the 
editors believe that color will add significantly to the published 
manuscript. Please submit one set of positive transparencies 
(35 mm slides) and two sets of color prints. The ARCHIVES will 
pay part of the expense of reproduction aad printing color illus- 
trations, the remainder to be borne by the author. Submit a 
statement indicating author’s willingness to accept this cost. Af- 
ter deducting the ARCHIVES’ contribution, the author’s share is 
$400 for up to six square-finished illustrations that can be ar- 
ranged on a one-page layout. Any additional illustrations er spe- 
cial effects will be billed to the author at cost. 


PLEASE NoTE: Most COMMON ERRORS TO AVOID 
FOR BOTH ORIGINAL ARTICLES AND LETTERS TO THE EDIT@R 
(SECRETARY’S CHECKLIST) 


— (1) Failure to send original typed manuscripts plus two 
copies. 

— (2) Failure to double-space entire manuscript (abstract, 
references, legends, and tables). 

— (3) References not in proper format, not in numerical 
order, or not cited in text. 

— (4) Use of 1%-spacing rather than double-spacing. Do 
not justify right margins. 

— (5) Failure to send three sets of illustrations/photo- 
graphs or original color slides plus two sets of color 
prints. 

— (6) Title too long. 

— (7) Failure to label abstract or to previde abstract (not 
needed for letters to the editor), ease reports, photo 
essays). Abstract too long. 

— (8) Incomplete or improper consent forms for patient 
photographs; improper or incomplete legends. 

— (9) Failure to include copyright transmittal form 
(needed for both original articles and letters to the 
editor). Failure to include proprietary statement. 

—(10) Failure to include all authors’ personal signatures 
on copyright transmittal form (see paragraph 3). 

—(11) Failure to designate the corresponding author and 
provide phone number and address. 

—(12) Failure to include consent forms for illustrations 
previously published elsewhere. Failure to indicate 
willingness to pay for author’s skare of color illus- 
trations. 
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Questions and Answers—Questions for this section should be 
submitted to Stewart M. Wolff, Section Editor, Archives of 
Ophthalmology, 11 E Chase St, Baltimore, MD 21202. Such ques- 
tions are subject to editorial review and editing and will be 
published as space and editorial priorities permit. Questions 
should not exceed six double-spaced type lines. A signed copy- 
right transfer letter must be included (see the first page of 
“Instructions for Authors” for copyright transfer information). 

Legends.—Legends must be typed double-spaced, beginning on a 
separate sheet of paper. Length should be limited to a maximum 
of 40 words and should allow the illustration to be fully under- 
standable without recourse to the text. Use arrows, letters, etc, for 
enhanced understanding. 

Authorized Use of Photographs.—Recognizable photographs may 
be taken and published only if specifically consented to by the 
patient. To facilitate proof, the consent should be in writing. Any 
restrictions or limitations on the consent must be strictly 
observed; eg, eyes are blocked out only as a condition of consent. 
Consent forms must include a specific statement that photographs 
and information related to a case may be published either 
separately or in connection with each other, in professional 
journals or medical books, provided that it is specifically under- 
stood that the patient shall not be identified by name. Parental 
consent for publication of photographs and information related to 
the case must include signature of both living parents. Consent 
releases for minors without living parents must be signed by the 
legally appointed guardian. Submit consent forms with the manu- 
script. 

Acknowledgments.—Illustrations from other publications are 
rarely published but if used must be acknowledged. Include the 
following when applicable: author(s), title of article, title of 
journal or book, volume number, page(s), month, and year. The 
publisher’s permission to reprint must accompany the manu- 
script. 

Statistical Consultation.—We recommend that statistical consulta- 
tion be obtained as early as possible for studies with statistical 
content. The name and affiliation of the statistical consultant (if 
different from the author should be included. 

Tables.—Each table should be typed double-spaced, including all 
headings, on a separate sheet of 21.6x27.9-em (8% x11-in) 
paper. Do not use larger paper. If a table must be continued, use a 





second sheet and repeat all heads and stubs. Each table must have a 
title. 

Photo Essay.—Manuscripts for this section should emphasize 
the visual aspects of the subject presented. The picture(s) should 
be of high quality and should be self-explanatory. The photo- 
graphs can be of clinical entities, laboratory studies and findings 
(eg, smears, histologic sections), diagnostic techniques (roentgen- 
ograms, computed tomographic scans, magnetie resonance image, 
ultrasound, etc), therapeutic procedures, or a combination. The 
photo essay should not necessarily result in brief clinicopathologic 
report. Rather, it should be a collection of diverse photos that 
convey an important clinical or laboratory stery which becomes 
self-evident upon inspection of the illustrations. A concise essay, 
limited to 250 words, describing the clinical or laboratory infor- 
mation, photograph(s), and a brief list of references (five or less), 
if pertinent, should be submitted in triplicate. There is no limit on 
the number of photos, but articles will be limited to one to two 
printed pages, and all material must fit into this format. Refer to 
the general “Instructions for Authors” for other requirements. 

Correspondence and Case Reports.—Contributions to this section 
may include comments on articles published in the ARCHIVES, 
informative case reports, or other matters of ephthalmic interest. 
Such letters are subject to editorial review and will be published 
as space and editorial priorities permit. Published letters will be 
listed by author and title in the table of contents, and authors and 
subjects are indexed by the major indexing services. Letters to the 
editor and Case Reports ordinarily should not exceed 500 words in 
length. There should be a maximum of three references. Two 
figures or one figure plus one table can be printed. The typescript 
should be double-spaced with a ragged right hand margin and 
submitted in triplicate. A copyright transmittal letter signed by 
all authors must accompany the letter. Please refer to “Instruc- 
tions for Authors” for additional requirements. 

Reprints.— Reprints can be ordered at the time the typescript is 
returned after editorial processing. 

AMA Manual of Style—This 1988 edition, fermerly the Manual 
for Authors & Editors, is available from Williams & Wilkins, 428 E 
Preston St, Baltimore, MD 21202. Single copy price: $24.95. A 
shipping charge is added on all orders not prepaid. If additional 
ordering information is needed, or to order by telephone, call 
1-800-638-0672. 


From the Archives of the Archives 


A look at the past 


Theoretically, the object of the treatment is not to start with any given dose 
or to increase dosage of any definite rate, but to give as much as the patient can 
tolerate without visible reaction. It is impossible to answer specifically the 
question what dose a patient can tolerate, when the susceptibility to tuberculin 
is an unknown quantity. Therefore, the initial dose should be so small that no 
harm will be done by it. Doubtless in many instances, the initial amount given 
to these patients has been smaller than need be; but no harmful effects have 
occurred in a single instance of consequence of the caution exercised. Further- 
more, one must not overlook the immunologic features of the method of 
treatment. Healing of the lesion is brought about not by the volume of material 
administered, but rather by the potency and quality of the tuberculin. Many 
students of ophthalmology overlook the wide gap between immunologic pro- 
cesses and chemical reactions. They must realize the potency of infinitely small 
doses of antigens or their effort in treating ocular tuberculosis with tuberculin 


will meet with failure. 


SOURCE: Gay LN. The treatment of ocular tuberculosis with tuberculin. 


Edited by Jean Schaffner, Editorial Assistant. 
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Correspondence 


Aphakia, not Pseudophakia 


To the Editor.—I write this letter to correct an error that 
appeared in the March 1988 issue of the ARCHIVES. I mis- 
taken!y deseribed the patients as receiving cataract extrac- 
tions with implantation of an intraocular lens. The patients 
in this study were aphakic and not pseudophakic. 
ALLAN J. FLACH, MD 
Corte Madera, Calif 


i. Flach AJ, Graham J, Kruger LP, Stegman RC, Tanenbaum L. Quanti- 
tative assessment of postsurgical breakdown of the blood-aqueous barrier 
following admimistration of 0.5% Ketorolac tromethamine solution: a dou- 
ble-masked, paired comparison with vehicle-placebo solution study. Arch 
Ophthalaol. 1958;106:344-347. 


The Therapeutic Use of Zinc in Macular Degeneration 


To the Editer.—We read the article by Dr Newsome and 
colleagues’ with great interest. It was very exciting to learn 
that in such a well-designed, well-executed, and well-ana- 
lyzed controlled study, zinc therapy had such a marked ef- 
fect on redueing the progression of such an important and 
debilitating disease as macular degeneration. However, we 
were dismayed by the authors’ emphasis on possible zinc 
toxicity. In their own terms, their abstract closes with, 
“Because of the pilot nature of the study and the possible 
toxic effects and complications of oral zinc administration, 
widespread use of zinc in macular degeneration is not now 
warranted.” Elsewhere in the report the authors express 
specific eoncerns about anemia and worsening of cardio- 
vascular disease. 

Our dismay arises from our team having spent the last 20 
years administering zinc in relatively high doses to various 
types of patients and having a very difficult time identify- 
ing toxic effects. The one exception is zinc-induced copper 
deficiency in patients other than those with Wilson’s 
disease. When zinc is administered in an effective manner, 
it will usually induce copper deficiency within a few 
months2 Copper deficiency leads to anemia and may be a 
factor in certain cardiovascular disease processes, hence, 
the genesis of the concern expressed by the authors. 

However, this concern is misplaced, because, as we have 
shown in studies of zinc therapy in sickle cell anemia, sup- 
plementation with 1.0 mg of copper per day (harmless ex- 
cept in Wilson’s disease) will prevent this occurrence. Fur- 
thermore, copper status is easily monitored by following up 
plasma eeruleplasmin levels. These levels decrease mark- 
edly long before any clinical effects. 

The only other (and relatively minor) side effect of zinc 
is gastric irritation. However, this is for the most part due 
to the use of the sulfate salt. Zinc acetate, which we use in 
our work, is equally well absorbed, but is much better tol- 
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erated. The practice of taking zinc preparations with food, 
as was done in the authors’ work, should be strongly 
discouraged. Our evidence is that a very little (nothing ap- 
proaching 40% as suggested by the authors), and an 
extremely variable, amount of zinc is actually absorbed un- 
der these conditions because substanees in many foods bind 
zine and prevent its absorption.’ We would “guesstimate” 


that only 10% or less (20 mg of zinc per day) would actually — | 


be absorbed under the conditions of the authors’ study. The 
very exciting possibility exists that even more dramatic re- 
sults in macular degeneration could be obtained if the zine 
were administered in an effective manner and in a higher 
delivered dose. 

Not only have we had experience with zine treatment of 
sickle cell anemia, but we have over 6 years’ experience in 
the treatment of Wilson’s disease (more than 60 patients) 
with various regimens of zinc acetate.* In these studies we 
carefully documented the effects of zinc on copper metabo- 
lism and copper balance. We have also carefully searched 
for all types of side effects and found none except for the ef- 
fect on copper level and gastric irritation mentioned above. 
These studies provide guidelines for the safe use of long- 
term oral zinc treatment. 

Consequently, we believe that the positive effect of oral 
zine on a most debilitating and frequent condition such as 
macular degeneration should not be shadowed by undue 
fear of complications as long as the patients are under the 
care of an informed physician who will monitor the zine and 
copper parameters. 


VILMA YUZBASIYAN-GURKAN, PHD 
GEORGE J. Brewer, MD 
Ann Arbor, Mich 


1. Newsome DA, Swartz M, Leone NC, Elston RC, Miller E. Oral zinc in 
macular degeneration. Arch Ophthalmol. 1988;106:192-198. 

2. Prasad AS, Brewer GJ, Schoomaker EB. Hypocupremia induced by zine 
therapy in adults. JAMA. 1978;240:2166-2168. 

3, Oelshlegel FS Jr, Brewer GJ. Absorption of pharmacological doses of 
zinc. In: Brewer GJ, Prasad AS, eds. Zinc Metabolism: Current Aspects in 
Health and Disease. New York, NY: Alan R Liss Inc; 1977:299-311. 

4. Brewer GJ, Yuzbasiyan-Gurkan V, Young AB. Treatment of Wilson’s 
disease. Semin Neurol. 1987;7:209-220. 


In Reply.—The comments of Yuzbasiyan-Gurkan and 
Brewer concerning their clinical experiences with the rela- 
tive safety of long-term oral zinc administration are illu- 
minating. It is reasonable to recommend the consumption 
of a zinc preparation with less potential for gastric irrita- 
tion so that the supplement may be taken at a time when 
its absorption is promoted. Additional supplementation 
with 1 mg of copper daily also appears reasonable. 
Yuzbasiyan-Gurkan and Brewer alluded to the variabil- 
ity of zinc uptake. This would likely bea problem regardless 
of the type of preparation. It is suspected, but not known 
with certainty, that the absorption of trace minerals may 
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vary with age, as it does witha variety of disease processes. 
More needs to be understood concerning this matter. 

A single trace metal nutrient does not exist in Vivo in iso- 
lation. It participates in metabolic and functional links in- 
volving a variety of other elements. It seems unlikely that 
abnormal concentrations of a single element would be the 
sole cause of a complex chronic disease process such as 
macular degeneration. It is possible that the zinc effect 
could occur indirectly through influences on a variety of 
other aspects of trace element metabolism, for example, 
copper absorption and/or its actions. The caution expressed 
in our report stemmed from a desire not to oversell what 
had to be regarded as a pilot study. 

It is gratifying that sufficient interest has been generated 
that, in all likelihood, additional well-controlled clinical 
trials of dietary supplementation will be conducted. Until 
we know more, treating every patient with macular degen- 
eration with high doses of oral zine alone does not appear 
justified. 

DAVID A. NEWSOME, MD 
New Orleans, La 


Aicardi’s Syndrome 


To the Editor.—In the June 1989 issue of the ARCHIVES, 
Gloor et al' described a 19-month-old black female infant 
with a medical history of microcephaly, developmental de- 
lay, hypotonia, and seizures. The case was beautifully illus- 
trated. 

Magnetic resonance imaging showed an arachnoidal cyst 
and partial agenesis of the corpus callosum. Funduscopic 
examination, according to the authors, revealed bilateral 
colobomatous discs. However, careful evaluation of the 
printed fundus photographs does not show optic dise 
colobomas but, rather, bilateral optic disc dysplasia and 
atypical peripapillary pigmentary changes. Moreover, the 
typical punched-out chorioretinal lesions were not present. 
These “punched-out” lesions are thought to be diagnostic 
of Aicardi’s syndrome.’ Also, the electroencephalogram 
(EEG) in the case did not show a pure hypsarrhythmia, 
highly characteristic of the Aicardi syndrome,** but a 
“pattern akin to it.” 

Corpus callosum agenesis, arachnoidal cysts, and other 
neuroradiological midline anomalies have been described in 
patients with a vast array of optic disc anomalies. These 
anomalies include simple optic pits, optic disc hypoplasia, 
optic disc coloboma, morning glory disc, and optic disc dys- 
plasia. 

There is much confusion in the literature about the 
nomenclature of congenital optic disc anomalies. The term 
coloboma is often used improperly. The optic disc coloboma 
has specific ophthalmoscopic features and is caused by the 
failure of the optic stalk to close in the region of the optic 
disc. 

This case, as described by Gloor et al, probably does not 
represent a case of Aicardi’s syndrome, but rather a case of 
bilateral optic disc dysplasia with midline defects on mag- 
netic resonance imaging and atypical seizure activity. 

J. T. W. VAN DALEN, MD, PHD 
Tucson, Ariz 


1. Gloor P, Pulido JS, Judisch GF. Magnetic resonance imaging and fun- 
dus findings in a patient with Aicardi’s syndrome. Arch Ophthalmol. 
1989;107:922-923. 

2. Aicardi J, Chevrie JJ, Rousselie F. Le syndrome spasmes en flexion, 
agenesie calleuse, anomalies chorio-retiniennes. Arch Fr Pediatr. 1969; 
26:1103-1120. 

3. Fariello RG, Chun RW, Doro JM, Buncic JR, Prichard JS. EEG recog- 
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nition of Aicardi’s syndrome. Arch Neurol. 1977;34:563-566. 

4. Kellaway P, Frost JD Jr, Hrachovy RA. Infantile spasms. In: Morselli 
PL, Pippenger CE, Penry JK, eds. Antiepileptic Drug Therapy in Pediatrics. 
New York, NY: Raven Press; 1987:115-136. 


In Reply.—We thank Dr van Dalen for his comments. He 
feels that, based on the chorioretinal, optic disc, and EEG 
findings, the patient we presented probably does not have 
Aicardi’s syndrome. We maintain that the patient does have 
Aicardi’s syndrome. 

The fundus photographs in the PHOTO ESSAY clearly show 
the typical punched-out chorioretinal lesions found in 
Aicardi’s syndrome (compare these photographs with those 
in a report by Weleber et al’). 

Typical colobomas of the optic dise are limited to the in- 
ferior portion of the disc. However, the colobomas some- 
times found in Aicardi’s syndrome are atypical, involving 
the entire circumference of the disc,’ as seen in the photo- 
graphs of our patient. 

Hypsarrhythmia on EEG is a variable feature of Aicar- 
di’s syndrome. In a review of 43 reported eases of the syn- 
drome, Bertoni et al’ found that only 27 patients had hyps- 
arrhythmia. Fariello et al reviewed 32 EEGs from Six 
patients with Aicardi’s syndrome and found hypsarrhyth- 
mia in only one patient on only one occasion. 

In summary, the patient we presented was female, had 
agenesis of the corpus callosum, had infartile spasms, and 
had chorioretinal lacunae, the four features found in all of 
the patients with the syndrome as Aicardi described it. She 
had developmental delay associated with hypotonia and a 
markedly abnormal EEG, the other constant features of 
Aicardi’s syndrome. She also had microcephaly, arachnoid 
cysts, tonic-clonic seizures, atypical colobomas of the optic 
discs, and an EEG pattern akin to hypsarrhythmia, fea- 
tures that are often, but not always, founc in patients with 
this syndrome. 

Therefore, the patient we presented has all of the requi- 
site features, as well as many of the variable features, of 
Aicardi’s syndrome. 

PETER GLOoR, MD 
JOSE S. PULIDO, MD 

G. FRANK JUDISCH, MD 
Iowa City, Iowa 


1. Weleber RG, Lovrien EW, Isom JB. Aicardi’s syndrome: case report, 
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285-290. 

2. Spencer WH. Optic nerve. In: Spencer WH, ed. Ophthalmic Pathology: 
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3. Bertoni JM, von Loh S, Allen RJ. The Aicardi syndrome: report of 4 cases 
and review of the literature. Ann Neurol. 1979;5:475-482. 


Denatured Alcohol Is Not Toxic for the Eye 


To the Editor.—It is necessary to call attention to a major 
discrepancy in the case report by Greiner et al' that 
appeared in the May issue of the ARCHIVES. 

The medical history recorded for the single patient whose 
case was reported should have led to one set of events. The 
laboratory results reported correspond to an entirely dif- 
ferent set of events; two sets of clinical findings contradict 
each another. It would be unfortunate i? this report were 
accepted unmodified as part of the methanol literature. 

According to the authors, the patient, a prisoner in an 
unnamed jail, was brought to an unmamed emergency 
department with a history of blurred vision and photopho- 
bia of about 10 hours’ duration. The only other history re- 
corded by the authors is that on the evening prior to admis- 
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sion to am unnamed hospital the patient drank “about a 
eupfal” of fluid from cans of Sterno. The authors stated 
correctly ‘nat the fluid that goes into Sterno is about 71% 
ethanol amd 3.6% methanol. This is the general composition 
ef “denatu-ed alcohol” and some of it is sold as laquer thin- 
ner under various trade names. 

I know œ no material labeled Sterno other than that used 
for heatimz. It has been known for a long time that 
cenatured alcohol can be drunk with impunity because the 
amount of nethanol it contains is too small to be harmful, 
and the antidote for the methanol is the relatively large 
amount of 2thanol, which is already in the preparation. 

Thus, if ame had experience with methanol poisoning, one 
would expect that the patient’s symptoms were those of a 
hangever rather than methanol toxicity. The calculations 
are simple: 


A cup:ul of fluid = 250 mL 

772% hanol = 177.5 mL (200 proof) 
at 4 mL per drink = 7.8 drinks 
(104 proof) 


3.6% methanol 
at a density of 0.796 = 9.0 mL of absolute methyl 
alcohol 
= 7.16 g of methyl alcohol 
= 0.102 g/kg 


Therefore, a cupful of the liquid element of Sterno in fur- 
nishing 7.8 crinks of 100-proof ethanol might well cause in- 
toxicatien from ethanol. The same cupful would contain a 
dose of methanol at zero time of 0.1 g/kg. This dose is too 
low to cause any of the symptoms of methanol poisoning. 

On the otaer hand, the clinical chemistry results could 
well be found in an authentic case of methanol poisoning. 
The metabelic acidosis is typical. The blood methanol 
determination, if valid, means that the source of the meth- 
anol must be something other than a case of Sterno. 

If, at 24 hours or less after a single dose of methanol, the 
bleod level was 75 mmol/L, this means that body water 
contained 2« g/L of methanol. Since body water is 60% of 
body weigh’ in the male, the standard 70-kg male would 
have 42 kg & body water. Both methanol and ethanol are 
evenly dispersed in body water within less than 1 hour af- 
ter ingestion, so the blood methanol determination is an 
aceurate measure of the body burden of methanol. This 
means that at the time the blood sample was drawn, there 
was 100 g of methanol still in the patient. This suggests that 
the original beverage might have been a cupful (250 mL) of 
pure methanol, diluted to make it drinkable. 

An additienal discrepancy occurs when two clinical mea- 
surements ave evaluated. The patient’s visual acuity was 
reported as 28/400 OD and 20/800 OS for distance and near. 
However, the Amsler grid was reported to be normal in the 
right eye and to show an abnormality in the inferotempo- 
ral region of the left eye. In my experience, if the visual 
acuity was 2 stated, the lines on the Amsler grid should 
have been missing for at least the central 10° in both eyes. 
Indeed, in view of the description of dilated pupils con- 
stricting slowly to light and of the description of retinal 
edema, it is difficult to attribute validity to any field mea- 
surement, eitaer by confrontation or by Amsler grid. 

All of the above considerations leave the reader in a 
quandary regarding just what the authors meant to convey 
on the subjectof methanol poisoning. Perhaps the Editor of 
the ARCHIVES will allow the authors to exceed the restric- 
tions on the kmgth of Case Reports and the number of ref- 
erences 50 that a fully clarified report can be placed on the 
record. 


For a 0-kg man 


ALBERT M. Potts, PHD, MD 
Tucson, Ariz 
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1. Greiner JV, Pillai S, Limaye SR, Chu F. 3terno-induced methanol tox- 
icity and visual recovery after prompt hemodialysis. Arch Ophthalmol. 
1989:107:643. 


In Reply.—The purpose of our Case Report describing 
Sterno-induced methanol toxicity and visual recovery after 
prompt hemodialysis was (1) to describe a case of decreased 
visual acuity associated with a vague medical history of al- 
cohol ingestion and the importance of using anion and os- 
molal gaps to promptly diagnose methanol toxicity, and (2) 
to describe the potential use of prompt hemodialysis for vi- 
sual recovery. The original manuscript stressed the impor- 
tance of prompt diagnosis of methanol toxicity and exten- 
sively reviewed and discussed the use of anion and osmolal 
gaps in the diagnosis of methanol toxicity. The imposed 
length restriction for case reports required the deletion of 
many of the details and a chronology of events and findings 
elaborated on in the original manuscript. 

Regarding the amount of Sterno fluid consumed, the 
original manuscript described the patient’s 3-month his- 
tory of obtaining alcohol several times weekly. Although 
the amounts of alcohol consumed were reported by a poten- 
tially unreliable historian, the patient insisted that while 
incarcerated his only source of alcoho! was from Sterno. The 
visual acuity, Amsler grid measurements, and history of 
consuming alcohol obtained from Sterno are those reported 
by the patient after repeated questioning and testing; they 
are indeed subjective responses by an often inebriated in- 
dividual, and, as such, may not be clearly supportive or fit 
the pathophysiologic nature of the disease. 

However, when patients present with a vague history of 
alcohol consumption, and methanol determination is not 
readily available, one must rely more on clinical parame- 
ters, such as the anion and osmolal gaps, for prompt and, as 
illustrated by the present case, potentially sight-saving di- 
agnosis and hemodialysis treatment. 

JACK V GREINER, DO, PHD 
Boston, Mass 


SASIKALA PILLAI, MD 
SURESH R. LIMAYE, MD 
Washington, DC 

FRED CHU, MD 

St Louis, Mo 


A Mannequin for Teaching Ocular Fundus 
Examination Skills 


To the Editor.—There is a need in medical education for a 
simulator on which students and residents can practice the 
basic skills of ophthalmoscopy. Considerable time would be 
saved and patient discomfort and inconvenience reduced if 
the basic skills of ophthalmoscopy could be learned using a 
practical, inexpensive model system. 

Although model eyes do exist, they contain significant 
limitations. For example, some models depend on hand- 
painted reproductions of pathologic findings as rendered on 
the posterior internal surface of the model.' There is no 
flexibility to examine various fundus disorders without 
purchasing several models. One model uses slide transpar- 
encies of the viewing object, resulting in decreased resolu- 
tion of fundus detail secondary to the imherent “graininess” 
of such transparencies.’ Finally, other models are too com- 
plex or expensive, such as one eye model that contains a 
photosensitive pupil that dilates in response to mydriatic 
eye drops.’ 

We have developed a simulation manmequin for teaching 
the techniques of ocular fundus examination. The manne- 
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Fig 1.—Profile view showing the main components of the mannequin: 
(1) retinal photograph holder; (2) handle for adjusting ‘‘pupillary’’ aper- 
ture; (3) styrofoam shell; and (4) adjustable stand. 


quin consists of a styrofoam shell that is fitted with a model 
eye composed of a single lens system, a variable iris 
diaphragm, and a photograph holder into which 7.8 X 8.0- 
cm “grainless” fundus photographs can be inserted for ex- 
amination (Figs 1 and 2, profile and expanded views, 
respectively). 

The mannequin has been used by several experienced ex- 
aminers as well as by medical students during the course of 
the ophthalmology elective at The Milton $S. Hershey Med- 
ical Center, Hershey, Pa. It effectively simulates the physi- 
cian-patient relationship during the ophthalmoscopic ex- 
amination and reproduces the appearance of the human 
fundus when viewed through an ophthalmoscope. 

We believe that the mannequin may represent a signifi- 
cant improvement over currently available model eyes. Itis 
our hope that it will prove useful in teaching medical stu- 
dents and residents ocular fundus examination skills, 
thereby increasing examiner confidence and reducing pa- 
tient discomfort when the student is placed in the clinical 
setting. Furthermore, it should prove useful in simulating 
the clinical examination setting for the purposes of testing 
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Fig 2.— Exploded view of the mannequin showing the path of light traced 
from tne ophthalmoscope: (1) through the ‘‘cornea"’ simulated by a hard 
contact lens; (2) through the adjustable diaphragm simulating the pupil; 
and (3) onto the exchangeable retinal photographs, shown partially in- 
serted into the photograph holder. 


ophthalmoscopy skills. Overall, this mannequin can be a 
cost-effective adjunct in medical educaticn. 
CHRIS KAHLENBORN, MD 
JOSEPH W. SASSANI, MD 
MAURICE SHERRARD 
CARL A. FRANKEL, MD 
Hershey, Pa 


The possibility of obtaining a patent on this device is being investigated; 
however, no patent is pending and none of the authors has any financial in- 
teres” in this device at this time. 

The authors thank Denise Cunningham, CRA, Joseph Mentrikowski, and 
Roy Tuller for their technical photographic assistance. 

Reprint requests to the Department of Ophthalmology, The Milton S. 
Hershey Medical Center, PO Box 850, Hershey, PA 17033 (Dr Sassani). 


1. Hamilton F, inventor; Optical education device. US patent 2068 950. 
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2. Loeb MK, inventor; American Home Products Corp, assignee. Eye dis- 
play and viewer, US patent 3177593. April 13, 1965. 4 p. Int C1 (35/17). 

3. Colenbrander A, Gordon SM, Patterson CD, inventors; University of 
Miami, assignee. Ophthalmological mannequin with funduscopic eyeground 
presentation. US patent 23905 130. September 16, 1975. 5 p Int C1 G09b 23/ 
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Bull’s-Eye Corneal Lesion 
Resulting From War Game 
Injury 





In the recreational sport “war games” 
opposing teams fire gelatin pellets con- 
taining vegetable dye at each other as 
they attempt to capture the opponent’s 
flag without being hit. Three articles 
have appeared in the ophthalmic liter- 
ature that report eye trauma resulting 
from war games.'? We present the fol- 
lowing case because of its unique cor- 
neal injury. 


Case Report.—A 16-year-old white male 
adolescent was participating in an orga- 
nized war game but was not wearing his 
protective safety goggles. A yellow “paint 
pellet” was fired by a participant (a police- 
man by trade) from a distance of about 
4.5 m, striking the patient’s right eye. 

The initial examination immediately fol- 
lowing the injury revealed a right hyphema 
with the best visual acuity reduced to 
20/300 @D. A distinct imprint of the pellet’s 
impact was noted on the nasal half of the 
right cornea. This imprint, which straddled 
the limbus, produced a depressed circular 
bull’s-eye lesion as if a washer had been 
driven into the corneal stroma. Corneal 
edema and nasally radiating folds in 
Descemet’s membrane were also noted. 

Conservative therapy resulted in resolu- 
tion of the hyphema within 6 days. 

At 2% weeks after the injury, visual acu- 
ity had improved to 20/70 OD. The de- 
pressed bul!l’s-eye imprint in the cornea had 
disappeared but stromal edema persisted 
nasally. A gonioscopy of the right eye re- 
vealed peripheral anterior synechiae from 
the 2-o’dock to 5-o’clock positions and a 
marked angle recession deformity else- 
where. Applanation tonometry reading was 


Depressed circular bull’s-eye lesion in right 
cornea. 
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30 mm Hg OD and Betoptic drops were pre- 
scribed. 

By 4 months’ follow-up, visual acuity in 
the right eye had returned to 20/20, the 
right corneal stromal defects had disap- 
peared, and the intraocular pressure in the 
right eye had reduced to 14 mm Hg with the 
patient receiving no medication. 


Comment.—This case illustrates the 
potential danger of the gelatin 
“bullets” that are currently used in 
such outdoor recreational activities as 
war games and survival. The pellets 
are characteristically 14 mm in diam- 
eter and are filled with a mixture of 
glycerine, liquid gelatin, polyethylene 
glycol, and food coloring. The semisoft 
gelatinous covering ruptures on im- 
pact, leaving a dye stain on the cloth- 
ing or skin of the player who is hit. 

It has been reported that when the 
pellets strike bare skin they often 
leave a circular weltlike lesion with an 
ecchymotic margin surrounding a cen- 
tral clear zone and a bull’s-eye super- 
ficial erosion. This has been referred to 
as “paint pellet purpura.’’ Interest- 
ingly, our patient initially revealed a 
similar bull’s eye lesion at the site of 
impact on the cornea. (Figure). 

The statistics relative to ocular in- 
jury from war games are alarming. A 
survey by members of the Canadian 
Ophthalmological Society reported 44 
severe ocular injuries, including 17 le- 
gally blind eyes, by the end of 1987.’ 
Without exception, all of the patients 
presented were without protective eye 
wear at the time of their ocular 
trauma. 

We wholeheartedly agree with the 
suggestions proposed by Easterbrook 
and Pashby° to increase the safety of 
war game activities. These include for- 
bidding head shots and enforcing the 
mandatory use of polycarbonate eye 
guards by participants and spectators 
at all times. Implementing these re- 
quirements should substantially lower 
the risk of ocular injury. 

DaviD P. WELLINGTON, MD 
Murray A. JOHNSTONE, MD 
Seattle, Wash 


RICHARD J. HOPKINS, MD 
Helena, Mont 
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Crystal Deposition Following 
Keratoplasty in Nephropathic 
Cystinosis 





Whether crystals typical of cystinosis 
appear within the corneal stroma of a 
donor button transplanted into the eye 
of a patient with nephropathic cysti- 
nosis has become controversial. We 
described a patient who had bilateral 
penetrating keratoplasties and neph- 
ropathic cystinosis, and who—when 
examined some 6 weeks after trans- 
plant—exhibited crystals typical of 
cystinosis within his donor button.! 
The same patient examined elsewhere 
10 months after transplantation was 
described as having a clear corneal 
graft.2 We had the opportunity to ex- 
amine another patient with nephro- 
pathic cystinosis who also underwent 
penetrating keratoplasty and again to 
document the recurrence of corneal 
crystal deposition within a donor but- 
ton. 


Report of a Case.—A 19-year-old woman 
with juvenile nephropathic cystinosis un- 
derwent two renal allografts. Her systemic 
medications included prednisone and aza- 
thioprine. Ophthalmic evaluation docu- 
mented characteristic crystals of cystinosis 
within the conjunctiva and cornea. She 
presented with presumed pupillary block 
glaucoma of the left eye. The patient was 
unresponsive to medical therapy and un- 
derwent trabeculectomy, iridectomy, and 
first-stage Molteno tube implant on the left 
eye.‘ At the time of surgery, samples of con- 
junctival and iris tissue were obtained that 
demonstrated the presence of birefractive 
crystals throughout stromal melanocytes 
and iris pigment epithelium. Fewer crystals 
were seen within conjunctival tissue; most 
were located within stroma fibroblasts. 


Case Reports 1727 





Slit-lamp biomicroscopic photograph of the right cornea 16 months after penetrating keratoplasty. 
Slit-lamp beam focused on infiltrated cornea, demonstrating stromal crystalline material typical of 
cystinosis (arrowheads). 


The patient underwent penetrating kera- 
toplasty of the right eye at age 20 years. Her 
postoperative course was characterized by 
raised intraocular pressure, without im- 
provement of visual acuity. Following the 
transplant, however, the patient described 
having decreased photophobia. We exam- 
ined the patient 16 months following cor- 
neal transplantation and noted crystalline 
deposits typical of cystinosis infiltrating 
the corneal graft. These crystals were more 
prominent peripherally than centrally and 
were of greater density within the anterior 
stroma than the posterior stroma, though 
they did extend to the epithelium (Fig- 
ure). 


Comment.—Cystinosis is an inborn 
error of metabolism characterized by a 
defect in lysosomal cystine transport. 
The appearance of crystals in normal 
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donor cornea following transplant into 
a patient with cystinosis could be ex- 
plained by the replacement of donor 
keratocytes with host cells carrying 
the genetic defect. This is analogous to 
the situation that occurs in renal ho- 
motransplantation: cystine accumu- 
lates in donor kidneys transplanted 
into cystinotic recipients.’ Renal al- 
lografts in cystinotic recipients have 
shown substantial interstitial infiltra- 
tion by mononuclear cells, and it is 
within these cells that cystine crystals 
have been observed.‘ 

Differing observations of the same 
patient over time and among different 
patients now described with corneal 
transplants and cystinosis suggest 
that there is variability as well as a 
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spectrum of change following corneal 
transplantation. Whether crystals are 
a transient phenomenon in the trans- 
planted cornea must be considered. It 
has been demonstrated that corneal 
crystals can regress (eg, following top- 
ical cysteamine).° The intracellular lo- 
cation of newly infiltrating crystals 
needs to be defined; they may be within 
inflammatory cells whose presence is 
influenced by topical cphthalmic anti- 
inflammatory agents commonly em- 
ployed following surgery. 

Though we can again document the 
observation of crystalline material 
typical of cystinosis within a trans- 
planted donor button, we await confir- 
matory pathologic demonstration as 
the most convincing evidence of cys- 
tine crystals recurring in a donor cor- 
neal button. 

BARRETT KATZ, MD 
San Francisco, Calif 


RONALD B. MELLES, MD 
JERRY A. SCHNEIDER, MD 
La Jolla. Calif 
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Congress Backs Major Overhaul in Medicare Fees 


Washington, D€—In an 11th hour move on Nov 20, Con- 
gress enacted a Budget Reconciliation Act for 1990 that in- 
cludes a major overhaul of the Medicare program and ties 
payments to physicians on the Resource-Based Relative 
value Seale (RBRVS). 

Only 3 days earlier, Medicare reform was considered dead 
for this session. The Senate’s October 13th approval of a 
slimmed-dewn version of the 1990 budget bill left the 
guidelines for physician payment reform in question. The 
bill had failed to meet the deadline imposed by the 1985 
Gramm-Rudman-Hollings law requiring automatic fund- 
ing cuts if Congress failed to meet deficit reduction targets 
by a certain date. Consequently, the budgets of most 
domestic programs were cut 5.3% as of October 17. Medi- 
care elaims after October 17 were cut by 2.092%. 

The Senate bill called for a $2.7 billion cut in Medicare 
costs, but made no mention of long-term physician payment 
reforms, volume standards, or expenditure targets as called 
for in the three Medicare committee reform plans. Some 
services, such as radiology and the so-called overpriced 
procedures, including cataract surgery, are still scheduled 
for cuts, but the size of the cuts is about half that originally 
recommended by the Senate Finance Committee.' The new 
deficit reduction package rejects expenditure targets, a fea- 
ture seen as a victory, for the American Medical Associ- 
ation.*? 

The bill will affect payments to physicians by freezing 
fees until April 2990. After that date, the bill will provide 
a full update of 5.3% for primary care visits and a 2% in- 
crease for all other services except radiology. Radiology 
services will be reduced by 2%. More than 30 “overpriced” 
precedures will be cut by one fourth the difference between 


we > the prevailing charge and the expected fee under a relative 


a 


value scale up toa maximum of 15%." Clinical laboratory 
fees will be increased by 3% and a limit of up to 95% of the 
national median will be imposed on local fee schedules for 
laboratory services. Delayed payments to hospitals and 
physicians wall be extended to 15 days as compared with the 
current 14-day period. 

On the coattails of the Senate plan, the Bush Adminis- 
tration submitted its recommendations for physician pay- 
ment reform. The report, due July 1, 1989, was sent to Con- 
gress on Octeber 20. It had cleared the Health Care Financ- 
ing Administration (HCFA) before that date but ran into 
delays when political policy recommendations were added. 

The Bush Admimistration’s plan for reform contained 13 
policy recommendations that make administration support 
for a fee schedule contingent on its linkage with an expen- 


Michael D. Springer. 
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diture target. The president’s plan backed unspecified curbs 
on balance billing. It further stated that a “resource-based 
fee schedule is not yet ready for use as the exclusive basis 
for determining all Medicare payments.” Instead, it recom- 
mended that a “fee-schedule phase-im should not begin un- 
til 1992” and “a five-year transition should be provided to 
minimize risks to access and give physicians time to adapt 
to changes in payment.” 

The recommendations included support for Medicare ex- 
penditure targets with or without ¢ new fee schedule; a 
reiteration of a request that Congress not move too quickly 
to impose a new Medicare fee schedu_e; and a request that 
emphasis be placed on reducing fees “or “overvalued” pro- 
cedures with little or no savings retarned as higher pay- 
ments for visits and “undervalued” services.’ 

The policy plan recommended the “ollowing: 

e A Medicare “growth target” should be enacted with or 
without a new fee schedule; 

e A 5-year phase-in of a resourc2-based fee schedule 
should not begin until 1992; 

e The government should use the new fee schedule 
primarily to cut fees; and 

e Unspecified curbs on balance billiag should accompany 
the fee schedule. 

Gail Wilensky, PhD, the Bush Adm-nistration’s nominee 
for head of HCFA, said, “I don’t believ2 we are yet seriously 
ready to go forward in legislation with major systemic 
reform.” She questions whether ther? is a real consensus 
about what direction the system should go in and believes 
that for political and practical reasons, a major overhaul is 
years away.” 

The deficit reduction package prov des for limiting the 
amount physicians can charge in excess of the payment they 
receive from the government to 25 percent in 1992, 20 per- 
cent in 1993 and 15 percent thereafter (New York Times, 
November 21, 1989). The new system would be based on 
standardized fees as specified by the RBRVS. 

JULIE FOREMAN 
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Edited by Daniel M. Albert, MD 


Drug-induced Ocular Side Effects 
and Drug Interactions, 3rd ed, edited by 
F. T. Fraunfelder and S. M. Meyers, 675 
pp, Philadelphia, Pa, Lea & Febiger, 
1989, $49.50. 


This text represents a compendium 
of drugs that are used systemically and 
drugs that are used in ophthalmology 
arranged to alert the ophthalmologist 
to the primary action and side effects 
of these drugs. In the preface, Fraun- 
felder tells us that he is interested in 
the probable medication-induced ocu- 
lar side effects and the possible inter- 
action of drugs prescribed by the oph- 
thalmologist with other drugs the pa- 
tient may be taking for his or her 
general conditions. On the other hand, 
for the purposes of the National Eye 
Registry of Drug-Induced Ocular Side 
Effects (through which Fraunfelder 
has been compiling information dur- 
ing the past 12 years), he states that he 


NE 
“We are left with the idea that 

any drug can give any effect, if one 

thinks of it.” 

SE 


is interested primarily in collecting 
reports about possible side effects. It is 
stated that the drugs listed as having 
ocular side effects are posted in a 
decreasing order of likelihood of oc- 
currence. We do not know the database 
from which the order was established. 
The lists are frequently so lengthy as 
to make it more plausible to interpret 
the list of side effects as not probable 
but possible, as in the case of the 
so-called National Eye Registry. In 
that event we are in conflict with the 
author’s stated purposes in the pref- 
ace. As the noted Stephen Hales (1677- 
1761), architect of blood pressure, once 
wrote in Vegetable Staticks, “the most 
likely way to gain any insight into the 
nature of those parts of creation which 
come within our observations, must in 
all reasons be the number, way and 
measure.” Furthermore, in medicine 
and science we are dealing with prob- 
abilities, ie, the law of probabilities. 


The lack of quantitation and documen- 
tation and actual clinical utililty is a 
major problem in this text. 

The table of contents is organized to 
consider general agents, ophthalmic 
agents, an index of ocular side effects 
(though it is not indicated), and, fi- 
nally, a general index. 

Suppose you are responsible for a 
patient who is taking a drug. The 
patient complains of a symptom or you 
establish a sign, eg, “decreased in- 
traocular pressure.” You look up de- 
creased intraocular pressure under 
“Ocular Side Effects.” Your drug is 
part of a list of 161 drugs that can de- 
crease intraocular pressure ( according 
to Fraunfelder). Consider decreased 
anterior chamber depth. Fraunfelder 
lists sulfa drugs and cholinergic drugs; 
carbachol is not included. Consider 
corneal deposits. There are 73 entries, 
but pilogel is not listed. We are left 
with the idea that any drug can give 
any effect, if one thinks of it. This is 
certainly not science, not art, and not 
useful. What is useful is the therapeu- 
tic toxic ratio or the ratio of risk to re- 
ward. I prefer the more scholarly dis- 
cussions and descriptions of drugs that 
exist in Grant’s Toxicology of the Eye. 
A good example of the outcome of the 
anecdote “possible effect” problem, 
both for this book as well as for the 
National Eye Registry, can be illus- 
trated with respect to the issue of 
allopurinol and cataract formation. In 
a recent article’ Clare et al state: 
“cases reported to the National Regis- 
try of drug-induced ocular side effects 
have suggested an association between 
allopurinol use and cortical and sub- 
capsular cataract formation... .To 
find out whether allopurinol use in- 
creases the risk of cataract formation 
we designed a study that included 
ophthalmic examination....” They 
came to the conclusion that “after a 
mean of 6.9 years of allopurinol 


_use... found no evidence to confirm 


that allopurinol users were at a higher 
risk of acquiring cataracts.” Finally, 
there are omissions, eg, neither anti- 
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septics nor surgical scrubs are listed 
in the book. Other absences include 
€-aminocaproic acid (Amicar) and 
tranexamic acid. 

While it is absolutely certain that all 
ophthalmologists must know when 
their patients are taking systemic 
medication, questioning and contact 
with other physicians responsible for 
the patient can be and should be uti- 
lized. Physician’s Desk Reference is 
useful. Does a textbook that merely 
lists hundreds of drugs serve any use- 
ful purpose in this regard? I don’t 
know. I think the ophthalmologist 
should purchase the book and find out 
whether he or she has a real use for it. 

MARVIN SEARS, MD 
New Haven, Conn 


1. Clare WK, Chylack LT Jr, Cook EF, Goldman 
L. Allopurinol use and the risk of cataract forma- 
tion. Br J Ophthalmol. 1989;73:173-176. 


Retinal Dystrophies and Degenera- 
tion, by D. A. Newsome, 382 pp with 
black-and-white and color illus, New York, 
NY, Raven Press, 1988, $118. 


This book takes its place among sev- 
eral other recent volumes on retinal 
degenerations. Newsome’s stated aim 
is to provide a useful update for the 
clinician. In the main, the volume ful- 
fills its purpose. 


ee a ae 
“. . . provides useful and updated 


information...” 
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Twenty contributors join Dr New- 
some to consider the heritable retinal 
degenerative disorders and other 
retinopathies. A wealth of information 
can be mined from the chapters. Ref- 
erences at the end of chapters are typ- 
ically numbered in the hundreds. How- 
ever, the uneven quality of the writing 
and redundancies, engendered by the 
multiple-author approach, and lack of 
a conspicuous unifying framework or 
an integrated approach to patients 
with these disorders tarnish the 
wealth a bit. 


Book Reviews 
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The 21 chapters are divided into two 
broad groups: one titled “Clinical and 
Laboratory Methods of Retinal Evalu- 
ation” and the other, in which various 
disease entitiesare described, is titled 
“Clinical Approaches to Retinal De- 
generations.” Approximately 20% of 
the book’s pages deal with physical and 
functional examinations of the retina 
and 50% deal with various heritable 
degenerative disorders (such as hered- 
itary vitreoretinal degenerations, 
dominantly inherited drusen, juvenile 
hereditary macular dystrophies, fun- 
dus flavimaculatus, retinitis pigmen- 
tosa, Usher’s syndrome and other pig- 
mentary retinopathies, pigment 
epithelial dystrophies, cone de- 
generations, and choroideremia). The 
volume is completed by chapters on 
progressive myopia, angioid streaks, 
age-related peripheral retinal degen- 
eration, albinism, retinal dystrophies 
associated with storage diseases, toxic 
and nutritienal retinopathies, retinop- 
athy of prematurity, and ocular toxo- 
plasmosis. There is a brief chapter on 
genetics. 

Many of the chapters are richly 
illustrated with colored fundus photo- 
graphs and angiograms, some of which 
could be considered wonderful addi- 
tions to any teaching file, while others 
are of rarely seen entities. The chap- 
ters on biomicroscopy and methods of 
vitreoretinal examination introduce 
techniques for vitreous and vascular 
examinations that have yet to be fully 
exploited inthe study of retinal degen- 
erative disorders. The chapter on ret- 
inal funectien testing is a generally 
useful compendium. It has clear and 
timely information about psychophys- 
ical tests, but the sections on electro- 
physiology and reflection retinal den- 
sitometry are somewhat dated and 
limited. Surely this is partly due to 
difficulties in reviewing a burgeoning 
field. 

A well-illustrated chapter on juve- 
nile hereditary macular dystrophies 
nicely updates the classic report of 
Krill and Deutman on these entities. 
Storage diseases, albinism, ocular toxo- 
plasmosis, and retinopathy of prema- 
turity are reviewed in chapters that 
may be of particular relevance to those 
evaluating pediatric patients. 

The chapter on genetics by two tal- 
ented geneticists is disappointingly 
spare in thisera when retinologists are 
eager fer instruction not only in clas- 
sic genetics but also in the fundamen- 
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tals of molecular genetics, a field that 
promises new discoveries and insights 
into the heritable disorders discussed 
in this volume. A more complete pre- 
sentation would have been welcome. 
All in all this volume can be recom- 

mended as one that provides useful 
and updated information on its 
subject. 

ANNE B. FULTON, MD 

Boston, Mass 


Advances in Diagnostic Visual Op- 
tics, edited by A. Fiorentini, D. L. Guyton, 
and |. M. Siegel, 191 pp, with black-and- 
white illus, New York, NY, Springer-Verlag 
NY Inc, 1987, $54. 


This small volume contains reports 
presented at the Third International 
Symposium on Advances in Diagnostic 
Visual Optics, held in Tirrenia, Italy, 
May 1 through 4, 1986. The partici- 
pants were from Europe, Japan, Cana- 
da, and the United States. The book 
contains some historical review re- 
ports, but whether they contribute 
much to such a symposium is question- 
able. 


a 

“provides a useful review for 
physicians interested in what is 
going on in visual optics.” 


The section covering techniques for 
evaluating ocular structure contains 
some interesting reports. The article 
by Magnante et al, “In Vivo Measure- 
ments on Human Lens Using 
Quasielastic Light Scattering,” gives a 
short synopsis of the clinical applica- 
tion of techniques more familiar to 
physicists than to physicians. In the 
applied optics section, there is a useful 
outline of methods for keeping most of 
the instruments at a reasonable dis- 
tance from the patient. A report on 
hyperacuity by Baraldi and Enoch ad- 
dresses the question of how to differ- 
entiate between the effects of optical 
opacities and retinal-neurological 
problems. Practicing clinicians and 
psychophysicists may have different 
views of this report. However, the 
warning given in the report is impor- 
tant; it emphasizes the errors that 
might be encountered when relying on 
any single visual index. 

A report by Komine, “Eccentricity 
and Inclination of Intraocular Lenses 
in Pseudophakic Eyes,” is of some the- 





oretical interest te ocular surgeons, 
although it is not entirely clear just 
how it relates to aetual clincial prac- 
tice. Most surgeons who implant in- 
traocular lenses have patients whose 
lenses are definitely eccentric and per- 
haps tilted, and yet the patients do not 
necessarily have large astigmatic er- 
rors. 

In the section on opto-electronic vi- 
sualization of the fundus, a report by 
Noyori titled “Recent Developments in 
Ocular Fundus Photography” provides 
a useful review on how to take a qual- 
ity fundus photegraph. The article by 
Corno et al, “Scanning Laser Ophthal- 
moscope,” briefly describes an instru- 
ment with significant clinical poten- 
tial. 

The book contains two sections on 
assessing visual function subjectively 
and objectively. The article by Gins- 
burg, “Clinical Findings from a New 
Contrast Sensitivity Test Chart,” pro- 
vides some information on the poten- 
tial value of contrast sensitivity 
charts. Most practicing physicians do 
not use such testing systems on a day- 
to-day basis, but this article describes 
their potential. For objective tests of 
visual function, it appears that the use 
of small computers for carrying out 
Fast Fourier Transforms is increas- 
ing. This provides a ready means of 
examining the frequency spectrum of 
measured responses. 

A revival of an old technique is given 
by Charlier et al in “A New Technique 
for the Clinical Evaluation of Visual 
Function in Human Neonates.” Basi- 
cally this technique makes use of com- 
puter technology to present a small 
moving grid target to an infant whose 
eye direction is measured by electro- 
oculographic techniques. Presumably, 
the stimulus presentation is the “new 
technique” described in the title. It is 
debatable just how clinically useful 
this procedure might be, but it is in- 
teresting to see that older methods 
keep recurring with variations due to 
better instrumentation. 

Without getting into too much de- 
tail, Advances in Diagnositc Visual Op- 
tics provides a useful review for physi- 
cians interested im what is going on in 
visual optics. For this reviewer, there 
was little material with direct clinical 
application. The old questions remain as 
to which techniques might be used most 
effectively in clinieal practice. 

STEFHEN J. FRICKER, MD 
Boston, Mass 
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Questions and Answers 
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The ARCHIVES solicits your questions and requests that they be clearly stated and reasonably focused. We 
cannot expect our referees to respond to questions that are too wide ranging and not clearly defined. Please 
limit your questions to six double-spaced lines and follow the guidelines put forth in our “Instructions for 
Authors” (readily found in any even-numbered issue of the ARCHIVES). A signed copyright transmittal letter 
to the AMA should accompany all submissions. We have asked our referees to limit their answers to 35 lines. 
Questions should be sent to Stewart M. Wolff, MD, 11 E Chase St, Baltimore, MD 21202. 


Cutting of Sutures 


With-the-rule astigmatism will melt away to some 
A extent during the first several weeks after cataract 
surgery, whether the incision is anterior or posterior. If 5 
or 6 weeks after surgery I find with-the-rule astigmatism 
greater than 1.5 or 2 diopters, I cut one or more sutures 
positioned in or near the plus axis of the cylinder. Initially, 
I usually cut one or two sutures at the most and then wait 
for 2 to 3 weeks and reevaluate. If keratometry and refrac- 
tion demonstrate a significant residual cylinder after the 
waiting period, I cut one or more additional sutures in the 
plus axis, which usually by this time has shifted. I recom- 
mend titrating carefully this astigmatism correction so as 
not to overdo it, producing an against-the-rule cylinder. I 
prefer to leave the patient with 1.5 to 2 D of with-the-rule 
cylinder because I expect the patient to lose about 1 to 1.5 
D of with-the-rule cylinder during the first 12 months after 
surgery. (I use seven to nine interrupted 10.0 nylon sutures 
to close a 10-mm posterior incision.) 

If a patient escapes attention for an extended period and 
returns with excessive cylinder, one may expect to get at 
least some effect from cutting sutures up to 1 year or more 
after surgery. 





How do you time the cutting of sutures to relieve astigma- 
tism after cataract surgery? 


JARED EMERY, MD 
Houston, Tex 


Stereo Disc Photography in Glaucoma 


Because many important optic nerve changes in pa- 
A tients with glaucoma are related to the contour of the 
optic disc, stereo photographs are essential in both the 
diagnosis and management of glaucoma, especially in pa- 
tients with suspected glaucoma and patients with early 
glaucoma. All newly diagnosed patients with glaucoma 
should have baseline stereo disc photographs for future 
reference. Stereophotography is essential in making the 
diagnosis in patients with photophobia or other problems 
that hinder the clinical examination. I like to obtain mag- 
nification X2 or 15° photographs if the patient has a clear 
media since these provide the best detail for careful study 
of the optic nerve. I also like magnification X1 or 30° pho- 
tographs because focus is less critical, allowing you to see 
features that might be lost on the 15° photographs. In 
addition, the larger field encompasses the peripapillary 
nerve fiber layer, which can then be evaluated in many 


How is stereo disc photography used in the management of 
patients with glaucoma? l 
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patients without resorting to red-free nerve fiber layer pho- 
tography. Because it is occasionally difficult to compare 
photographs with the clinical examination, you should re- 
peat photographs every year or 2 in otherwise stable pa- 
tients with glaucoma. Unless you are using a system that 
produces simultaneous stereo photographs separated by a 
fixed angle, subtle contour changes must be interpreted 
with caution because differences in the stereo angle will — 
affect your perception of depth and, therefore, cupping. 
Because it is possible to have optic disc cupping in the early 
stages of glaucoma without associated visual field abnor- 
malities, stereo optic disc photography is most useful before 
visual field changes develop. Once the patient demonstrates 
visual field abnormalities that correlate with physical 
changes in the optic dise itself, then visual field analysis 
becomes the most sensitive method for following therapeu- 
tic efficacy and patient status. 

JOHN C. Morrison, MD 

Portland, Ore 


Computed Tomography and Thyroid Eye Disease 


The diagnosis of thyroid eye disease (dysthyroid oph- 
A thalmopathy or Graves’ ophthalmopathy) is based on 
clinical findings. Typical bilateral, but often asymmetrical, 
findings include lid retraction, lid lag, chemosis, hyperemia 
over the rectus muscles, proptosis, and limitation of gaze. 

Three indications exist for CT scanning. In clinically uni- 
lateral cases where the diagnosis is in deubt, the CT scan 
can be used to determine bilaterality (large extraocular 
muscles on the clinically uninvolved side). However, the use 
of the CT sean for such purposes should rarely be required. 

The second indication is for prediction of patients at risk 
for optic neuropathy. Feldon et al' have shown that when 
total muscle volume as a percentage of the orbit volume 
exceeds 11%, combined with limitation of extraocular 
movement, the risk for visual loss is increased. Patients at 
risk require frequent assessment of visual function. 

The final reason for CT scanning is to evaluate visual loss 
in patients with thyroid eye disease. If large muscles com- 
pressing the optic nerve at the orbit apex can be demon- 
strated, medical or surgical decompression may be indi- 
cated. In addition, CT scanning will disclese any associated 
anatomic anomalies or sinusitis. 

JAMES C. OrcuTT, MD, PHD 
Seattle, Wash 


1. Feldon SE, Muramatsu S, Weiner JM. Clinical classification of Graves’ 
ophthalmopathy: identification of risk factors for optic neuropathy. Arch 
Ophthalmol. 1984;102:1469-1472. 


When is a computed tomographic (CT) scan indicated for 
thyroid eye disease? 


Questions and Answers 





News and Comment 


EXCEL ‘ourdation Seeks Appli- 
cants.—The EXCEL Foundation seeks 
applicants scr æn annual sabbatical/ 
visiting prcfessership. Competitively 
awarded each wear to an American 
ophthalmolegist whose focus is on im- 
provement cf de ivery systems for eye 
care in the Unived States or abroad, 
the annual granz is $100000 and may 
be used at he recipient’s discretion. 
The applicant should submit a letter 
providing details of proposed activi- 
ties. Requirements include a host med- 
ical institutsan, progress reports, and 
grant acknowleagement on resulting 
publications The application deadline 
is December 21, 1989, for the next ap- 
pointment starting July 1, 1990. For 
mere information, contact the EXCEL 
Foundation, Room 3500, 30 Rockefeller 
Plaza, New Yorx, NY 10112 or call 
David Patom ML, (718) 380-8050. 


Internationa’ Eye Banks Open in Cairo 
and India.—Tre Ain Shams University 
Internationa Ere Bank opened in 
Cairo, Egypt. Jure 24, 1989, as the first 
member of tae International Federa- 
tion of Eye Eenks, a Tissue Banks In- 
ternational zssisced service. Located 
at Ain Shams Unversity Hospital, the 
eye bank wI benefit from Tissue 
Banks Interr=tional’s technical train- 
ing and ongciag monitoring that will 
ensure high ewality standards for eye 
tissue and faeilities operation. The eye 
banks’s medal «irector is M. I. Ab- 
dalla, MD, whe is also chairman of the 
Department «: Ophthalmology at Ain 
Shams Hosprftal. Responsible for its 
daily operations are Egyptian oph- 
thalmologists Zaer Ismail, MD, and 
Magda Samy ML Initial funding for 
the Cairo-baced ere bank came from a 
contribution by Akef El Maghraby, 
MD. 

Another EK2ypfian eye bank, the 
Kasr-Elaimi Ewe Eank, is scheduled to 
open at the Lniversity of Cairo later 
this year. It is anticipated that, to- 
gether, these two eye banks will re- 
cover between 2000 and 3000 corneas 
annually im Faypt 

The second and much-needed mem- 
ber of the Interna-ional Federation of 
Eye banks openec in Hyderabad, In- 
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dia, June 27, 1989. The Ramayamma 
International Eye Bank, located at the 
L. V. Prasad Eye Institute, is the first 
Indian member of the International 
Federation of Eye Banks. Gullapalli N. 
Rao, MD, who also serves as director of 
the L.V. Prasad Eye Institute, is the 
Ramayamma International Eye 
Banks’s medical director. It is expected 
that when fully operational, the eye 
bank will handle 1000 corneas annu- 
ally to meet the needs of surgeons in 
the area and eventually throughout 
India, where corneal disease, injury, 
and trauma are major causes of re- 
versible blindness. 

Trustees of the International Fed- 
eration of Eye Banks include His 
Royal Highness Abdulaziz A. Abdu- 
laziz, chairman; Alfred Sommer, MD, 
president; Akef El Maghraby, MD, vice 
president; Walter J. Stark, MD, vice 
president; and Khaled Tabbara, MD, 
vice president. The chief executive of- 
ficer is Frederick N. Griffith. Tissue 
Banks International is a nonprofit net- 
work of eye banks with affiliates across 
the United States and headquarters in 
Baltimore, Md. 


Call for Patients.—The Tuberous 
Sclerosis Linkage Study would like to 
obtain blood samples for DNA analy- 
sis from two- and three-generation 
pedigree families with at least two in- 
dividuals affected with tuberous scle- 
rosis. The study, the goal of which is to 
map the tuberous sclerosis gene, was 
initiated in cooperation with the Na- 
tional Tuberous Sclerosis Association. 
If you are aware of any families that fit 
the above criteria and would be inter- 
ested in participating in this study, 
contact M. Procilla Short, MD, Molec- 
ular Neurogenetics, MGH E, 6th Floor 
W, 149 13th St, Charleston, MA 02129; 
(617) 726-5732 or Ann F. Jewell, MS, 
Genetics Counselor, Neurogenetics 
Unit, Research #3, MGH, Boston, MA 
02114; (617) 726-6845. 


Fellowship in Pediatric Ophthalmology 
and Strabismus.—The Department of 
Pediatric Ophthalmology at Sainte- 
Justine Hospital, University de Mon- 
treal, is offering a 1-year fellowship in 


pediatric ophthalmology and strabis- 
mus. Knowledgeof French is required. 
For further mformation, contact 
Magda Barsoum-Hemsy, MD, director, 
Department ef Ophthalmology, 
Sainte-Justine Hospital, 3175 Cote 
Sainte-Catherine, Montreal, Quebec, 
Canada H3T 1C5. 


Master’s Degree Program in Preventive 
Ophthalmology.—The Dana Center for 
Preventive Ophthalmology of The 
Wilmer Eye Institute and The Johns 
Hopkins School ef Public Health have 
announced the taird Master’s Degree 
Program in Preventive Ophthalmol- 
ogy, which will be held during the 
1990-1991 academic wear. The course is 
designed to educate ophthalmologists 
from developed and developing coun- 
ties in the applicetion of epidemiologic 
and other public health techniques to 
prepare them to assume leadership 
positions in clinieal and public health 
research activities and blindness pre- 
vention programs. Some funds are 
available to help supplement the costs 
of participants from developing coun- 
tries. For further information, write to 
PHO Program Coordinator, Dana Cen- 
ter for PreventiveOphthalmology, The 
Wilmer Eye Institute, Room 120, The 
Johns Hopkins Hospital, 600 N Wolfe 
Street, Baltimore, MD 21205. 


Vision and Ophthalmology Research 
Awards Announced.—The Fight For 
Sight Research Division of the Na- 
tional Society to Prevent Blindness 
has announced the 1990 research 
awards program in vision and ophthal- 
mology. The program includes three 
types of awards: grants-in-aid for pilot 
projects and feasibility studies (max- 
imum award, $12 000); 1-year postdoc- 
toral fellowships (maximum 1-year 
award, $14000); and student fellow- 
ships for summer research ($500 
monthly, with a maximum of $1500). 
The deadline for receipt of completed 
applications is March 1, 1990. For fur- 
ther information amd application 
forms, write to Fight For Sight Re- 
search Division, National Society to 
Prevent Blindness, 500 E Remington 
Rd, Schaumburg, 1L 60173. 


News anc Comment 1733 


New Formulation for Severe Dry 
Eyes.—Allergan Pharmaceuticals has 
developed Celluvise (carboxymethy- 
cellulose sodium), a1% lubricant oph- 
thalmic solution. The new preserva- 
tive-free ocular lubricant will be avail- 
able in pharmacies in July 1990. For 
more information, contact Ron Viles, 
Allergan Pharmaceuticals; (714) 955- 
6209. 


Bascom Palmer Eye Institute An- 
nounces Appointments.—The following 
faculty appointments were announced 
by the Bascom Palmer Eye Institute at 
the University of Miami (Fla) School 
of Medicine: Alana Grajewski, MD, as- 
sistant professor, special interest: 
glaucoma; Janet Louise Davis, MD, as- 
sistant professor, special interest: vi- 
treoretinal diseases; George Inana, MD, 
PhD, associate professor, special inter- 
est: molecular biology; Jan W. Kronish, 
MD, assistant professor, special inter- 
est: ocuplastic surgery; and William 
Earl Smiddy, MD, assistant professor, 
special interest: vitreoretinal diseases. 


New Chief of Pediatric Ophthalmology 
at St Louis Children’s Hospital.—Law- 
rence Tychsen, MD, has been appointed 
chief of pediatric ophthalmology at St 
Louis Children’s Hospital and Wash- 
ington University Medical Center. Dr 


Obituaries 


FAIER, Herman Irwin, 75, Beverly Hills, 
Calif; University of Nebraska College 
of Medicine, 1936; residency, Stanford 
University Hospital, 1939; certified by 
the American Board of Ophthalmol- 
ogy; died December 2, 1988. 


GATTO, Frank M., 86, Glenshaw, Penn: 
University of Chicago Pritzker School 
of Medicine, 1940; certified by the 
American Board of Ophthalmology; 
died June 6, 1989. 


Tychsen graduated from Georgetown 
University School of Medicine and 
completed his ophthalmology training 
at University Hospitals in Iowa City, 
Iowa. He served as chief of ophthal- 
mology at the School of Aerospace 
Medicine in San Antonio, Tex, and was 
a US Air Force flight surgeon and spe- 
cialist in aerospace ophthalmology. In 
addition, Dr Tychsen completed fel- 
lowships in both pediatric ophthalmol- 
ogy and neuro-ophthalmology at the 
National Institutes of Health, Bethes- 
da, Md, the University of California 
San Francisco Medical Center, and the 
Smith-Kettlewell Institute, San Fran- 
cisco. 


David H. Hubel, MD, Recipient of Ret- 
ina Research Foundation Award.—The 
Retina Research Foundation’s Paul 
Kayser International Award of Merit 
in Retina Research was presented to 
David H. Hubel, MD, for his major con- 
tributions in the field of visual process- 
ing and the physiological basis of per- 
ception. Currently the John Enders 
University Professor of Neurobiology 
at Harvard Medical School, Cam- 
bridge, Mass, Dr Hubel graduated 
from the McGill Medical School and 
received training in neurology at the 
Montreal Neurological Institute and 
The Johns Hopkins Hospital. He began 


GERARD, H. Charles, 91, New York, 
NY; State University of New York 
Health Science Center at Syracuse, 
College of Medicine, 1922; died October 
10, 1988. 


HERSEE, William Evans, 83, Mount 
Pleasant, Mich; Northwestern Univer- 
sity Medical School, 1935; residency, 
Cleveland Metropolitan General/ 
Highland View Hospital, 1953; died 
July 21, 1989. 
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research in vision at the Walter Reed 
Army Institute of Research, but re- 
turned to Johns Hopkins to the labo- 
ratory of Stephen Kuffler, where he 
began a 20-year collaboration with 
Torsten Wiesel that led to their receiv- 
ing the Nobel Prize in Medicine of 
Physiology in 1981. 

The award is a $50000 cash prize 
that includes a $45 000 research grant 
for the recipient’s research program. 
The Paul Kayser International Award 
of Merit in Retina Research was cre- 
ated by the Directors of the Retina 
Research Foundation, Houston, Tex, to 
honor foundation friend and benefac- 
tor, Paul Kayser. The award recog- 
nizes internationally known vision sci- 
entists whose work contributes to ba- 
sic knowledge about the retina and 
retinal disease. 


Doheny Eye Institute Opens New Eye 
Referral Center.—The Doheny Eye In- 
stitute announced the fall 1989 open- 
ing of the Doheny Eye Referral Center 
in the city of Orange, Orange County, 
California. The Eye Referral Center is 
a university-level, outpatient, tertiary 
care facility that will extend the Insti- 
tute’s continuing commitment to pro- 
vide tertiary subspecialty care to pa- 
tients referred by community ophthal- 
mologists. 


SMITH, Eugene Churton, 83, Flint, 
Mich; University of Michigan Medical 
School, 1928; certified by the American 
Board of Ophthalmology; died July 16, 
1989. 


YOUNG, Robert Jackson, 103, Abbe- 
ville, La; Tulane University School of 
Medicine, 1921; certified by the Amer- 
ican Board of Ophthalmology; died 
August 8, 1989. 
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ASSURING THE PUBLIC’S 
HEALTH 





Consider the challenges and prospects for “Assuring 
the Publie’s Health” at the Seventh Annual National 
Preventive Medicine Meeting in Atlanta, Georgia. More 
than 200 experts will lead educational sessions on such 
topics as ihe future of public health, drug testing, 
educating and training public health professionals, 
worksite Wealth screening, passive smoking, STD’s in 
men, eare for the poor and uninsured, health problems 
in urban settings, environmental risks, and many more 
relevant issues. 

A‘tend computer demonstrations plus workshops on 
sexual history-taking, electronic networking through 
BITNET, putting prevention into practice, and 
communicating with legislators. 

Take pert in this exciting program. Earn over 25 CME 
credit hours. Contact the Meeting Manager at (202) 789- 
2928 fer FREVENTION 90 registration information. 


PREVENTION 96 
1030 15th Street, NW, Suite 410 
Washingtem, DC 20005 


Lure ts Your MOST 
VALUABLE POSSESSION. 


PASS TT ON. 
Of all the riches you could leave to 


your family, the most precious is the 

gift of life. Your bequest to the American 
Heart Association assures that priceless 
legacy by supporting research into heart 
disease prevention. 





FM L” (tuorometholone) 0.1% 
Liquifilm® sterile ophthalmic suspension 


INDICATIONS AND USAGE: FML is indicated for the treatment of corticosteroid-responsive inflam- 
mation of the palpebral and bulbar conjunctiva, cornea amd anterior segment of the globe. 


CONTRAINDICATIONS: FML is contraindicated in the followiag conditions: Epithelial herpes sim- 
plex keratitis (dendritic keratitis), vaccinia, varicella, and otmer vital diseases of the cornea and 
conjunctiva, tuberculosis of the eye, fungal diseases of the acular structures and hypersensitivity 
to any ingredient of the medication. 


WARNINGS: Corticosteroid medication in the treatment of patients with a history of herpes simplex 
keratitis (involving the stroma) requires great caution; frequent slitlamp microscopy is mandatory. 


Prolonged use may result in elevation of IOP, with damage to fhe optic nerve, defects in visual acuity 
and fields of vision, and/or in posterior subcapsular cataract frmation. it may also aid in the estab- 
lishment of secondary ocular infections from fungi or virusas liberated from ocular tissues. 


Various ocular diseases and long-term use of topical corticesteroids have been known to cause 
corneal and scleral thinning. Use of topical corticosteroids in he presence of thin corneal or scleral 
tissue may lead to perforation. 


Acute purulent untreated infection of the eye may be masked or activityenhanced by the presence 
of corticosteroid medication. 


PRECAUTIONS: General: As fungal infections of the cornea are particularly prone to develop coin- 
cidentally with long-term local corticosteroid applications, fungal invasion must be suspected in 
any persistent corneal ulceration where a corticosteroid hcs been used or is in use. 


Intraocular pressure should be checked frequently. 


Carcinogenesis, mutagenesis, Impairment of fertility: No stucies have been conducted in animals 
or in humans to evaluate the possibility of these effects wim fluomometholone. 


Pregnancy Category C: Fiuorometholone has been shown te be teratogenic and embryocidal in 
rabbits when given in doses approximating the human dose and above. There are no adequate, 
well-controlled studies in pregnant women. Fluorometholone should be used during pregnancy 
only if the potential benefit outweighs the potential risk to the fetus. 


Fluorometholone was ocularly applied to both eyes of pregrant rabbits at various dosage levels 
on days 6 to 18 of gestation. A significant dose-related increase in fetal abnormalities and in fetal 
loss was observed. 


Nursing Mothers: It is not known whether topical ophthalmic administration of corticosteroids could 
result in sufficient systemic absorption to produce detectable quantities in breast milk, neverthe- 
less, the physician should consider having the patient discominue aursing while the drug is being 
administered. 

Pediatric Use: Safety and effectiveness in children have no’ beenestablished. 

ADVERSE REACTIONS: Adverse reactions include, in decreasing order of frequency, elevation of 
intraocular pressure (IOP) with possible development of optie nerve damage; loss of visual acuity 
or defects in fields of vision; posterior subcapsular cataract formation; and delayed wound healing. 
The following have also been reported after the use of topicel corticosteroids: Secondary ocular 
infection from pathogens liberated from ocular tissues and, rarely, perforation of the globe when 
used in conditions where there is thinning of the cornea orsclerc. 
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inflammation. 


Many medications. 


have been formulated 


to reduce it. But when it. 


comes to long-term inflammation 
therapy, there's something we'd like you 
to remember. There is a proven, time-tested 


steroid that safely and effectively reduces or. 
eliminates inflammation with a lower propensity to raise 
IOP than dexamethasone. It penetrates ocular tissue for effective 
drug delivery. Its microfine suspension provides an opportunity for rapid 


absorption. It is, in fact, one of the most frequently prescribed anti-inflammatory ocular 


medications in existence. By now it should all be very clear. For long-term control, switch to FML.° 
uorom oiholoae) 01% 
Liquifilm m sterile e ophthalmic suspension 
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Intraocular Antiviral Therapy 


> Jt this issue of the ARCHIVES, Heinemann’ reports 


the results of long-term intravitreal ganciclovir 
injeetion therapy for patients with acquired immu- 
nodeficiency syndrome (AIDS) with cytomegalovirus 
(CMY) retinitis. As the AIDS epidemic has grown to 
affect all population centers in this country, ophthal- 
mologists have more frequently been encountering 
and treating patients with CMV retinitis. Recently 
the Food and Drug Administration approved the use 
of intravenous ganciclovir after reviewing a large 
body of reports, largely by ophthalmologists, of the 
efficacy of this drug in patients with AIDS with CMV 





See also pp 1759 and 1767. 





retinitis. The enthusiasm for ganciclovir stems not 
from an extraordinarily high clinical success rate or 
ease of use but rather from the inexorable progression 
of untreated CMV retinitis, with resulting blind- 
ness. Clinicians using ganciclovir therapy are con- 
fronted with many serious difficulties, including fre- 
quent bone marrow toxicity most commonly mani- 
fested by neutropenia (absolute neutrophil count 
<500 to 1000). Other difficulties include the need for 
indefinite intravenous daily maintenance therapy, 
insertion of permanently indwelling catheters, and a 
small but significant incidence of catheter-related 
sepsis. In addition, frequent relapses even on ade- 
quate maintenance therapy occur in approximately 
one third of the patients; the reasons for relapses are 
unclear but retinitis can often be controlled by rein- 
duction regimens with higher doses of ganciclovir.” 
Concurrent use of zidovudine (azidothymidine [AZT]) 
is contraindicated because some degree of marrow 
toxicity is seen in most patients. This is of particular 
concern because zidovudine is the only drug shown to 
have efficacy in prolonging life and improving im- 
mune function in certain subgroups of patients with 
AIDS and other manifestation of human immunode- 
ficiency virus infection. Clinically apparent CMV re- 
tinitis occurs in at least 25% of patients with AIDS 
and may be the initial opportunistic infection seen.” 
Cytomegalovirus retinitis may be diagnosed in the 
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absence of overt, clinically severe CMV organ infec- 
tion elsewhere. For this reason, as well as the sys- 
temic toxicity of ganciclovir, a cegent argument can 
be made for the use of local ocular anti-CMV therapy, 
particularly in cases where only ane retina is infected 
by CMV or is salvageable. The above considerations 
would seem to favor local ocular therapeutic regimens 
for CMV retinitis. 

It must also be recognized that CMV retinitis in 
immunosuppressed patients is mest often a manifes- 
tation of systemic infection with the virus, with the 
majority of patients being viremic. Studies by our 
group and others? have found that in the majority of 
patients with unilateral retinitis whe are not treated 
with systemic anti-CMV therapy, retinitis develops in 
the fellow eye. Systemic ganciclevir therapy in pa- 
tients without other known organ infection may be 
associated with improved survival, weight gain, and 
well-being.'“’ Autopsy series of patients with AIDS 
suggest that CMV may play a role in the dementia of 
AIDS and note that CMV infection of the brain is seen 
in at least 25% of autopsy cases studied.* Clinically, 
CMV colitis is another major probienrin patients with 
AIDS. 

Obviously, these conditions cen enly be treated 
with systemic antiviral therapy. The presence of 
these and other infections may be responsible for the 
recent evidence of increased survival of patients with 
AIDS with CMV retinitis treated with systemic gan- 
ciclovir. Such considerations would seem to favor 
systemic antiviral therapy despite its potential toxic- 
ity. It is well known that local anti-infective therapy 
in immunosuppressed patients may be associated 
with tissue invasion by pathogems elsewhere. This 
problem was recently reported both by our group and 
by the group from the University of Southern Cali- 
fornia when choroidal infection with Pneumocystis 
carinii was documented in patients receiving local 
therapy for pneumonia with inhalational pent- 
amidine.? Although systemic antiviral therapy may 
be toxic, systemic anti-CMV drugs with different tox- 
icities may allow systemic therapy even in patients 
who may not tolerate ganciclovir. 

Foscarnet is an intravenous anti-CMV drug that 
does not cause myelosuppression. The drug also has 
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some anti-human immunodeficiency virus activity 
and may be used concurrently with zidovudine. Initial 
reports of its use in patients with CMV retinitis con- 
firm an absence of neutropenia and an excellent ini- 
tial response rate. Because of the drug’s polarity it 
enters cells slowly so that continuous intravenous 
administration may be the best form of therapy. In- 
travenous infusion regimens administered once daily 
appear to be efficacious for retinitis although it has 
been suggested that a higher recurrence rate may be 
seen than with ganciclovir.” Another compound of 
interest is cloned human granulocyte monocyte col- 
ony stimulating factor. This compound, administered 
subcutaneously, has a stimulatory effect on white 
blood cell precursors. We are currently participating 
in a multicentered trial to determine the clinical util- 
ity of granulocyte monocyte colony stimulating factor 
in combination with ganciclovir as therapy for CMV 
retinitis. We hope that the compound will prove use- 
ful in ameliorating ganciclovir-induced myelosup- 
pression. Additionally, an immunostimulating (an- 
tiretroviral) effect is possible through the enhance- 
ment of various leukocyte functions. 

The report by Heinemann adds to a small body of 
literature suggesting efficacy of multiple intravitreal 
injections of ganciclovir for the treatment of CMV 
retinitis. Studies thus far reported have used a dosage 
of 200 ug in each single intravitreal injection.!!!2 
These reports are based on limited animal toxicity 
data indicating no retinal toxicity of 400-ug injections 
in the rabbit eye by light microscopic and electro- 
physiologic criteria." In the limited number of human 
eyes studied clinically, drug toxicity after 200-ug in- 
travitreal injections was not seen; however, it may be 
extremely difficult to evaluate drug toxicity in these 
diseased eyes. 

The indications for intravitreal ganciclovir therapy 
remain to be clarified. Some investigators have used 
it in patients who likely could tolerate intravenous 
ganciclovir but who desire to continue taking zidovu- 
dine. As systemic CMV infections may also be life 
threatening and zidovudine may not be useful for ad- 
vanced stages of AIDS, it is uncertain whether this is 
a reasonable indication for intravitreal ganciclovir 
therapy. Complications of intraocular injections do 
occur. In the series of Ussery and associates" of 14 
eyes, 1 rhegmatogenous retinal detachment occurred 
after a total of only 30 injections. The retinal detach- 
ment was felt to be directly attributable to the injec- 
tion. Heinemann reported 1 retinal detachment and 1 
case of endophthalmitis in a series of 156 intravitreal 
ganciclovir injections. In this series the retinal de- 
tachment was felt to be unrelated to the injection and 
was typical of the rhegmatogenous retinal detach- 
ments seen in patients with treated cytomegalovirus 
retinitis.“ The case of endophthalmitis was attrib- 
uted to the injection. Should intravitreal ganciclovir 
be used, it must be remembered that multiple injec- 
tions in each patient likely will be necessary and the 
complication rate in a given patient may well be sig- 
nificant. Careful sterilization of the conjunctiva, mea- 
sured localization of the pars plana, and cleansing of 


1738 Arch Ophthalmol—Vol 107, December 1989 


the injection site are critical, particularly if injections 
are given in an office environment."® 

Clinicians have used a variety of indications, rang- 
ing from patients’ desire to avoid indwelling catheters 
or discontinue zidovudine therapy, neutropenia rang- 
ing from mild (<1500 cells) to severe (<500 cells) and 
recurrences of retinitis. The seven patients described 
in this issue of the ARCHIVES had conservative indica- 
tions for therapy, and injections were repeated 
weekly after a more frequent regimen of induction 
injections. Significant and prolonged bone marrow 
toxicity or hepatotoxicity (during systemic ganciclo- 
vir treatment) were the major indications for local 
therapy. Although all patients responded to induc- 
tion, relapses during “maintenance” treatment were 
not infrequent. An understanding of the pharmaco- 
kinetics of intravitreal ganciclovir therapy might al- 
low prediction of these clinical outcomes. 

The concentration of ganciclovir required to inhibit 
replication of clinical and laboratory isolates of 
human CMV is up to 10 mg/L." The animal pharma- 
cokinetics that have been performed suggest that in 
uninflamed rabbit eyes the ganciclovir concentration 
falls to 2 mg/L at 48 hours after injection of 400 ug. 
In inflamed (and in larger) human eyes injected with 
200 ug, the concentration might be expected to be 
lower. The very limited human data reported thus far 
suggest that levels of 1.2 mg/L 4 days after 200-ug 
injections may be seen. This is consistent with the 
animal data and suggests that more frequent intra- 
vitreal injections (two to three times per week) may 
be necessary to sustain effective levels of antiviral 
drug. The once-weekly injection schedule reported in 
the literature reflects the difficulty of more frequent 
injections in these ill patients but must be regarded 
as nonideal, as is the clinical response to that sched- 
ule. Clearly, more work needs to be done in the labo- 
ratory to delineate safety issues and pharmacokinet- 
ics, particularly of multiple intraocular injections of 
ganciclovir. Other local ocular delivery systems 
should be considered. Work in our laboratory has 
shown, unfortunately, that sub-Tenon’s injections of 
various preparations of ganciclovir do not adequately 
penetrate the sclera. 

The investigators using intravitreal ganciclovir are 
to be applauded for their heroic efforts to preserve vi- 
sion in patients with AIDS who are unable to toler- 
ate systemic antiviral therapy. In these patients, 
many of whom have already accepted their fatal dis- 
ease, the fear of blindness is far more significant than 
their fear of death. Ophthalmologists considering 
such therapy should bear in mind that multiple 
injections, possibly two or three per week, may be re- 
quired to maintain remission in many patients and 
that serious complications of intravitreal injections 
may occur. Systemic anti-CMV therapy may be asso- 
ciated with improvement in constitutional, gas- 
trointestinal, and neurological disorders due to infec- 
tion with the virus that may be present but undiag- 
nosed in these patients. As newer drugs become 
available to treat CMV, ameliorate drug toxicity, and 
improve the immune system, alternative systemic 
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therapies for patients with CMV retinitis may become 
possible. Other local ocular antiviral therapies may 
alse became available, making such therapy more 
eonyenient and less toxic. Certainly this is a complex, 
evolving, and rapidly changing field that will impact 
the majority of ophthalmologists in this country. 
WILLIAM R. FREEMAN, MD 
La Jolla, Calif 
Thes study was supported in part by National Institutes of Health grant 
EYO 7366. 
Reprint requests to UCSD Eye Center, University of California, San Di- 
ego, M-#18, La Jolla, CA 92093. 
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Special Article 


The Interaction Between 
Ophthalmology and Society 


History Suggests Strategy 


Se that ophthalmologists may develop constructive 

approaches for the future, we need to under- 
stand how we got into our present political, econom- 
ic, and social situation. The purpose of this article is 
to try to untangle a skein of recent history and to 
delineate a course of action. 


RECENT HISTORY 


Many of the problems that we confront constitute 
a familiar litany: coping with competition among 
ourselves; the search for definitions of ethical behav- 
ior; the high costs of technologically advanced equip- 
ment and the need to have such hardware to com- 
pete; the downward pressure on our fees; and 
perhaps because society is aware of the fact that the 
reduced physician reimbursement might threaten 
quality, a variety of quality assurance programs that 
range from peer review organizations to recertifica- 
tion. 

A less-voiced concern, but perhaps most impor- 
tant, is the loss of respect that ophthalmology is 
suffering, both among physicians and nonphysicians. 
We have been portrayed as overpaid and preoccupied 
with expensive procedures. The buzzword is depro- 
fessionalization.! 

To understand the concept of deprofessionaliza- 
tion, we must evaluate ophthalmology as a profes- 
sional activity. A profession has a code of ethics that 
is more stringent than the law; our code, in the minds 
of many, is weak. A profession has a service orienta- 
tion that supersedes proprietary interests; we know 
that is fading, at least in some quarters in ophthal- 
mology. Finally, a profession is generally free of 
nonmember control. (Would that we were free of the 
control of nonphysicians!) 

Ophthalmology, like much of medicine, has under- 
gone what has been called industrialization. Large- 
scale providers and payers are exerting their influ- 
ence over physicians and patients. The traditional 
physician-patient relationship has been replaced by 
a contractual relationship in which a physician pro- 
vides a specified, measurable service at a negotiated 
price.” Basically, medical care is becoming a fungible 
commodity, such as winter wheat or Arabian crude 
oil. Many people believe that all ophthalmologists 
are either of the same quality or are of sufficiently 
high quality, so that distinctions among them are 
frequently meaningless. While fungibility may seem 
strange in this context, we all subscribe to it in 
another venue: each time that we get on a commer- 
cial airliner, we assume that the pilot is competent. 
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As consumers, we do not purchase the professional 
services of an airline pilot by evaluating his or her 
individual performance. 

But, when did things begin to change? For the 
purposes of this discussion, change began in 1959 
when the Forand Bill to provide hospitalization 
coverage for Social Security recipients was first 
considered in Congress. It was not passed. Organized 
medicine was against this plan and later versions, 
because they were considered to be the predecessors 
of “socialized medicine,” which was an anathema. 

Besides medicine’s emotional protestations, there 
was concern that the costs had not been accurately 
determined. In 1961, Sen Hubert Humphrey said, 
“The social security trust fund will be actuarilly 
sound. There is no danger that outgo will exceed 
income. We have carefully limited and delayed bene- 
fits to make sure that this program will be properly 
financed with an adequate reserve on sound insur- 
ance principles.’ But Senator Humphrey was speak- 
ing only about a plan to pay for hospital bills. Even 
then, he may have been unduly optimistic. 

The version of the bill that was passed, creating 
Medicare, contained a surprise: Part B coverage. 
Part B pays for physicians’ services. The addition of 
Part B was probably a conciliatory gesture to orga- 
nized medicine. Strangely, it had not been debated 
before the bill was presented, and its costs were 
never fully analyzed. In fact, it was really impossible 
to get a handle on what the expenses would be. It was 
reported (The Wall Street Journal January 20, 
1964:12) that 


Some administration men even confess the overall uncer- 
tainties in prognosticating medical care costs are so sub- 
stantial it’s just as sensible (and politically easier) to enact 
the program as is. Then the actual expenses for the first 
three years could be examined before making the neces- 
sary changes. 


Medicare neglected to take into account the social 
upheaval of the 1960s and 1970s that facilitated 
raising the salaries of the underpaid nonprofession- 
als who worked in hospitals. The projections also 
erred in predicting the rate of inflation and the 
effects of an aging population. 

Aside from the inadequate (or absent) cost projec- 
tions, there was really a fatal flaw in the program: it 
was based on cost reimbursement. By reimbursing 
costs, there was no incentive for hospitals to hold 
down their expenses. 

Finally, as we see with the benefit of hindsight, 
our perpetual federal deficits have resulted in the 
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use of top-down budgetary pressures that find ad hoc 
solutions rather than solid, bottom-up, programmat- 
ic planning.‘ 

Medicare was a godsend to physicians. It guaran- 
teed payment for the elderly and, in so doing, stimu- 
lated the market demand for health services. Physi- 
cians incomes rose, and the potential for great 
personal wealth stimulated entrepreneurial spirits. 
More service was rendered, and scientific advances 
permitted more types of services to be offered: 
intraocular lenses and laser therapy were among 
them. But the program was abused. As Marcel J. 
Sislowitz, MD, said, “We doctors made a faustian 
deal by hopping on the gravy train or remaining 
silent while our more inventive colleagues worked 
the system for all it was worth. Now the payoff is the 
loss of our profession as we once knew it” (The New 
York Times. January 7, 1988:A27). 

To the surprise of no one, health care costs rose. 
This affected the government through increased 
Medicare and Medicaid expenditures and affected 
private industry through the insurance premiums 
that it paid for its employees. Unions successfully 
bargained for expensive health care benefits. Em- 
pleyer-paid health insurance is nontaxable income 
for the employee. Physicians profited from these 
enhanced employee benefits. 

We do not need to be defensive about this. We are 
in the business of providing health care, and our 
business grew handsomely. While we should feel 
guilty abeut the excesses of the marketplace, we 
should not be made to feel culpable about the finan- 
cial rewards that accompanied new and better ways 
to improve vision. 

Governmental programs and financial incentives 
were not the only forces that changed ophthalmolo- 
gy. We should touch on congressional reform, at least 
in passing, if we are to have any idea of why our 
health care plan is such a crazy quilt. Before congres- 
sional referm, there were just a few senators and 
representatives who had concentrated their power 
and who were therefore in a position to facilitate the 
enactment of coherent plans. After congressional 
reform, we were blessed with 535 autonomous cen- 
ters of power, each having what may be described as 
_ a unique vision of American health policy. 

This streng political individualism was reinforced 
by the rise-of the political action committees (PACs). 
The PACs are the fund-raising organizations that 
support the campaigns of candidates who are likely 
to be sympathetic to the goals of the committee. The 
PACs stimulate single-issue politics. Nevertheless, 
we cannot ignore PACs, for they are a potent force. 
We must use them, and the politicians have little 
objection. The American Medical Association polled 
all the candidates for the 1988 presidential election 
about their feelings regarding PACs. All but one 
candidate was in favor of them. 


THE MARKETPLACE AND REGULATION 


While, at an idealistic level, we believe that quality 
should drive health policy, the federal health agenda 
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is driven by money. There are two potential solutions 
to the problem of the high costs of health care: (1) 
the marketplace and (2) regulation. 

The marketplace will control costs only if it obeys 
the laws of supply and demand. This requires certain 
conditions: the buyer is the censumer, both buyer 
and seller are equally knowledgeable, and there are 
adequate substitutes for the economic good (medical 
care in this case). Attempts to get patients to reduce 
health care costs have been ineffective because 
patients are not the purchasers. They are claimants 
on services. The true purchaser is the payer. It has 
been estimated that enormous savings can be 
achieved by making patients respensible for a por- 
tion of their costs. Health costs drap 50% if patients 
have to make a $500 deductible and 30% copay- 
ment.’ 

The last two conditions for a free market are also 
unfulfilled. Laypersons are not in a position to judge 
the appropriateness of medical services; there is a 
tremendous mismatch between what physicians and 
laypersons know; therefore, the laity is at a distinct 
disadvantage. And, there is no substitute for health 
care. 

The preservation of quality becomes an issue. If 
the marketplace wishes to cut physician payment, 
while the physician attempts to maximize his or her 
bottom line, there is conflict that could result in 
reductions in quality of care. This situation is partic- 
ularly troubling in managed care programs in which 
ophthalmologists share a portion of the risk. It 
forces the ophthalmologist into a position of finan- 
cial conflict at a time when he or she should be 
functioning as a fiduciary on behalf of the patient. 

Conflicts of interest also interfere with our ability 
to evaluate certain scientific developments. The free 
market has produced wonderful technology for the 
benefit of our patients, including vitrectomy and lens 
aspirating equipment, lasers, and intraocular lenses. 
However, many of the physicians who developed this 
equipment have pecuniary interests in its manufac- 
ture and marketing. Therefore, innovators have a 
bias toward success. The objeetivity of scientific 
reports on developments that have commercial possi- 
bilities has become suspect. 

Commenting on such problems, Arnold Relman,' 
the editor of The New England Journal of Medicine, 
wrote, “physicians must act as discerning purchas- 
ing agents for patients and should have no conflict- 
ing financial interests.” Most of us would agree. But, 
is it possible in the current climate? Public senti- 
ment and many policymakers share Ginzberg’s® view 
that, “To rely on the market te discipline money 
grubbing professionals is to overestimate what the 
market should be asked to do or is capable of 
doing.” 

Regulation is the other method for controlling 
health care costs. Among the regulatory items that 
have been imposed on us are diagnosis related 
groups, preadmission certification, certificates of 
need, and peer review organizations. But the problem 
with many of these things is that they put the 
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incentives in the wrong place, if they are effective at 
all. The federal government’s promotion of ambula- 
tory surgical centers (ASCs) is an example of this. It 
made superficial sense that, since care might be 
more cheaply provided in ASCs, there should be 
incentives for their use. And so the government 
waived the requirement for copayment for services, 
such as cataract surgery, if they were performed in 
an ASC. The stimulus was very potent. In 1982, there 
were 40 ASCs in the United States. In 1986, there 
were 690. The cost of medical care probably did not 
decrease. Hospitals lost inpatient income when sur- 
gery was done on outpatients; in turn, they raised 
their inpatient rates to replace the lost revenue. The 
government failed to place the controls on costs and 
appropriateness of procedures for ASCs that had 
been in place for hospitals. By waiving the copay- 
ment, surgery became more affordable: as cost 
decreased, demand increased. The ASCs were also a 
more attractive place in which to undergo surgery, 
and those people who previously avoided it because 
of a dislike or fear of hospitals decided to have their 
deferred surgical procedures performed in ASCs 
(The New York Times. March 8, 1988:A1). 

Ensuring quality of care is as difficult in a regu- 
lated environment as it is in the free market. Quality 
assurance in ophthalmology is, at the hospital level, 
an expensive exercise of questionable validity. These 
programs take a great deal of time, and often fail to 
identify either unnecessary or sloppy surgery. 

Otis R. Bowen, former secretary of the Depart- 
ment of Health and Human Services, has recently 
made a rather sobering statement. Probably extrap- 
olating from such things as cardiac transplants, he 
promulgated the idea that better surgical outcomes 
are associated with a high volume.’ Thus, those of us 
who do only a couple of cataract procedures each 
week may not only be threatened by surgically 
aggressive ophthalmologists, but by broad bureau- 
cratic generalization from overly specialized data. 

Regulation has both monetary and social costs. 
The peer review organization costs are going up 30% 
this year. Thus, the savings of regulation are offset 
at least considerably by the administrative and 
social costs. States that have stringently regulated 
hospital costs have had a higher inpatient mortality 
rate (The Wall Street Journal. April 28, 1988:31). 

The final aspect of regulation that we need to be 
concerned about now is the resource-based relative 
value scale. Among the characteristics that have 
been considered in evaluating procedures are both 
the mental effort and the technical difficulty. The 
newspaper and television advertisements that show 
cataract surgery as quick and simple are going to 
work against us. 


A COURSE OF ACTION 


What should we do? First, residency program 
directors must emphasize ethical behavior and a 
lifelong attitude of service to the sick. We can teach 
(and perhaps even inculcate) a value system that is 
stricter than that which can be legally enforced. The 
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need to put the patient’s needs above our pecuniary 
motives can be reinforced by the organizations to 
which practicing ophthalmologists beleng. 

Second, like it or not, we must accept the concept 
that ophthalmology is a business, as well as a 
profession. Residents and practitioners must receive 
training in business so that we can understand the 
implications of the contracts that we are offered, the 
concepts of competition as they are likely to be 
viewed by the Federal Trade Commission, the finan- 
cial implications of governmental actions, and the 
concerns of the business community in which we 
practice. 

Third, we need to become politically active. This is 
painful for many of us, because we went into medi- 
cine when it was capable of self-determination and 
self-rule. But these are very different times. The 


political process is the only civilized way that ~ 


humankind has found to allocate scarce resources, 
such as money. We must be ever watchful against 
regulations that we believe will put the incentives in 
the wrong place, and we must speak out loudly for 
the control of costs. As an example, we should be 
encouraging insurance coverage with higher deduct- 
ibles. 

Fourth, we need to stop minimizing the risks and 
the difficulties of what we do. Our most commonly 
performed operation, cataract surgery with implan- 
tation of an intraocular lens, looks easy only when it 
goes well. But it takes tremendous effort and atten- 
tion to detail to ensure that it goes well, and compli- 
cations can be catastrophic. Most responsible oph- 
thalmologists do suffer significant mental fatigue 
and stress while they are operating, realizing the 
implications of a false move or an errer in judgment 
during surgery. When some of us advertise that it is 
a simple, quick procedure, is it any wonder that third 
parties feel it is overpriced? 

Finally, we must acknowledge that times have 
changed and that we must adapt or atrophy. We 
cannot continue to do things the way we have in the 
past. We must take charge of our future! 

JOEL G. Sacks, MD, MBA 
Cincinnati, Ohio 
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Optic Nerve Decompression May Improve the 


Progressive Form of Nonarteritic Ischemic 


Optic Neuropathy 


Robert C. Sergott, MD; Marc S. Cohen, MD; Thomas M. Bosley, MD; Peter J. Savino, MD 


e Optic nerve sheath decompression surgery improved visual 
function for 12 of 14 patients with progressive nonarteritic 
ischemic optic neuropathy (NAION). Visual recovery was main- 
tained in all patients during a follow-up period of 6 to 18 months 
(average, 11 months). Seven patients had experienced a previous 
NAION in the-eye that was not operated on that did not improve 
spontaneous y. Surprisingly, 2 of these 7 eyes with long-standing 
decreased vision demonstrated some visual improvement after 
surgery on te coatralateral, acutely affected eye. Spontaneous 
visual improwement did not occur in an age- and sex-matched 
control grour of 12 patients with similar entry-level visual acuity 
and field lose. Only 1 of 3 patients with sudden, nonprogressive 
visual loss seconcary to NAION improved after surgery. In a con- 
trol group wit nonprogressive NAION, 2 of 15 eyes (14 patients) 
demonstrates spentaneous improvement. Optic nerve sheath 
decompressien improves visual loss due to progressive NAION, a 
disorder without any previously effective therapy. However, for 
acute, nonprogressive NAION, surgery for a small number of pa- 
tients did noë improve the natural history of the disease. 

(Arch Ophiwalmel. 1989; 107:1743-1754) 


ince its recognition and characterization as a dis- 

tinct c! nical entity, nonarteritic (“idiopathic”) 
ischemic optic neuropathy (NAION) has been consid- 
ered an ur-reatable cause of visual acuity and field 
loss in adults. The sudden onset, the increased asso- 
ciation with hypertension, the permanent nature of 
the visual defects, and an experimental model pro- 
duced by blockage of the posterior ciliary arteries!®" 
have all favored a vaso-occlusive cause. However, ex- 
cept for the rare occurrence of embolic ischemic optic 
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neuropathy" and one somewhat unusual case with 
occlusion of the ipsilateral common and external ca- 
rotid arteries,” little histopathologic evidence sup- 
ports the concept of irreversible infarction. In fact, 
two histopathologic analyses have failed to disclose 
any evidence of vascular occlusion or recanaliza- 
tion.” 

While many patients experience sudden, unchang- 
ing loss of vision, 25% of patients develop progressive 
deterioration of visual function 1 to 4 weeks after the 
onset of symptoms.’” This progressive nature of 
visual loss and the development of asymptomatic op- 
tic disc edema prior to visual loss* suggests that in 
some cases NAION is a dynamie, evolving process. 
Therefore, NAION may be regarded as a heteroge- 
neous entity based on the cadence of visual loss. 

Because optic nerve sheath decompression surgery 
reverses much of the visual loss secondary to chronic 
papilledema,”* a condition known to be associated 
experimentally and clinically with ischemia and 
blocked axoplasmic transport,” and because exper- 
imental ischemia and NAION may be associated with 
blocked axoplasmic transport, ^"! we performed 
modified optic nerve sheath decompressions with ly- 
sis of subdural adhesions” for 17 patients with severe 
visual loss due to NAION. 


PATIENTS 
Diagnostic Criteria for NAION 


All patients presented with decreased central visual acu- 
ity and visual field defects associated with pallid disc edema 
and peripapillary retinal hemorrhages. No anterior or pos- 
terior vitreous inflammatory cell reaction was present. 

All patients had normal Westergren erythrocyte sedi- 
mentation rates (<30 mm/h) on at least two occasions. No 
patient had a history of visual loss consistent with inflam- 
matory optic neuritis or a previous episode of transient 


Nonarteritic Ischemic Optic Neuropathy — Sergott et al 1743 


neurologic dysfunction consistent with inflammatory cen- 
tral nervous system demyelination (multiple sclerosis). The 
remaining clinical features are summarized in the Table. 


Group 1—Progressive Visual Loss 


Group 1 comprised 6 men and 8 women ranging in age 
from 43 to 76 years (average, 62 years, Table). Seven 
patients in group 1 (patients 1, 4, 6, 9, 10, 12, and 13) had a 
similar event without spontaneous recovery in the opposite 
eye between 5 months and 10 years prior to the current ep- 
isode. These 14 patients developed progressive worsening of 
visual acuity and visual field loss 1 to 4 weeks after the on- 
set of symptoms. These patients were followed up for 6 to 
18 months (average, 11 months). Thirteen patients had bi- 
lateral congenitally anomalous discs, (lack of physiologic 
central cup), a structural abnormality often associated with 
NATION.” 


Group 2—Nonprogressive Visual Loss 


Group 2 comprised two men and one woman, aged 59, 64, 
and 80 years (average, 68 years). In contrast to group 1, the 
patients in group 2 experienced immediate, profound visual 
loss to their preoperative level without progressive loss of 
visual function as noted in group 1. Patients in group 2 were 
followed up for 12, 16, and 18 months. One patient in group 
2 had congenitally anomalous discs. 


Control Groups 


We reviewed the records of all patients fulfilling the di- 
agnostic criteria for NAION seen at the Neuro-Ophthal- 
mology Service of Wills Eye Hospital, Philadelphia, Pa, be- 
tween January 1, 1987, and J anuary 1, 1989, the same period 
in which patients were offered surgical intervention. All 
patients had a complete neuro-ophthalmie examination 
within 30 days of the onset of visual symptoms and had a 
visual acuity of 20/80 or worse at some time during the 
course of their disease. All patients had at least one follow- 
up examination. 

Group 1 Controls.—The controls for group 1 were 12 
patients, 8 women and 4 men, who experienced progressive 
loss of vision with NAION. The controls ranged in age from 
47 to 70 years, with an average of 61 years. These patients 
were followed up for an average of 14 months (range, 6 to 
24 months). All 12 patients had congenitally anomalous op- 
tic discs. 

Group 2 Controls.—The controls for group 2 were 14 
patients (15 eyes), 6 men and 8 women, who developed sud- 
den, nonprogressive loss of vision with N AION. These con- 
trols ranged in age from 42 to 87 years, with an average of 
65 years. These patients were followed up for an average of 
15 months (range, 6 to 31 months). Twelve of the 14 patients 
had congenitally anomalous optic discs. 


RESULTS 
Surgical Findings 


All patients underwent modified optic nerve sheath 
decompression with lysis of subdural adhesions by 
the same surgeon (R.C.S.). Surgery was performed 
between 4 and 30 days after the onset of visual symp- 
toms (mean interval to surgery, 20 days). No correla- 
tion could be established between the timing of sur- 
gery and visual outcome. 

At surgery, the optic nerve sheaths were distended, 
similar in appearance to the nerve sheaths we have 
observed in pseudotumor cerebri.” The arteries and 
veins coursing over the meninges of the optic nerve 
did not demonstrate evidence of occlusion or hemor- 
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rhage on gross examination, but occasionally these 
blood vessels appeared distended. Incision of the ret- 
robulbar meningeal sheath resulted in the release of 
a considerable amount of clear cerebrospinal fluid 


(CSF) such as that observed with pseudotumor * 


cerebri.” Incisions into multiple areas of the nerve 
sheath and lysis of presumed arachnoidal adhesions 
within the subdural space resulted in additional CSF 
drainage, similar to the operative findings associated 
with chronic papilledema caused by pseudotumor 
cerebri.” The optic nerve visualized through the du- 
ral openings demonstrated a normal structure and 
color on gross examination. Occasionally, the CSF 
was interspersed with small, lipidlike droplets; how- 
ever, the quantity of the CSF was insufficient for bio- 
chemical analysis. Nonclotted venous blood was found 
within the subdural space of the intraorbital optic 
nerves of patients 6 and 9 of group 1. No preoperative 
findings suggested the presence of subdural blood. 


Visual Recovery 


Patients were considered improved when central 
visual acuity increased by two lines of Snellen acuity 
or by two levels of central visual assessment (such as 
from hand motions to 20/400) and when visual fields 
expanded by at least 30° compared with the preoper- 
ative status. Each patient’s preoperative and postop- 
erative visual acuities were checked independently by 
four different observers—the referring ophthalmolo- 
gist, the admitting ophthalmology resident, a neuro- 
ophthalmology fellow, and one of the authors. A cer- 
tified ophthalmic technician performed Goldmann 
visual fields and monitored automated perimetry. 

Group 1.—Twelve of 14 patients in group 1 demon- 
strated improved visual function following optic 
nerve sheath decompression. One patient failing to 
improve (patient 6) had an unsuspected hemorrhage 
within the subdural space of the optic nerve, but the 
other patient (patient 14) who did not improve had 
clear CSF without blood within the subdural space of 
the optic nerve. A second patient (patient 9) with a 
subdural optic nerve sheath hemorrhage did improve. 

Surprisingly, two patients (patients 4 and 12) dem- 
onstrated improvement in the eye that was not oper- 
ated on that had been affected previously by progres- 
sive NAION. Patient 4 had a NAION 10 years previ- ~ 
ously in his right eye, and, coincident with the 
improvement in the eye that was operated on, visual 
acuity in the eye that was not operated on improved 
from 20/200 to 20/70. 

Patient 12 had a progressive NAION in the left eye, 
which was not operated on, 7 months prior to surgery 
on the acutely affected right eye. Visual acuity in the 
eye that was operated on improved to 20/ 60, and vi- 
sual acuity in the eye that was not operated on 
improved to 20/20 (Table). 

Visual improvement for four patients (patients 1, 2, 
4, and 5) began 36 to 48 hours postoperatively. For the 
other eight patients, visual acuity worsened for the 
first 72 to 96 hours and then began to improve slowly. 
Visual acuity usually returned to baseline 1 week 
postoperatively and continued to improve during the 


Nonarteritic Ischemic Optic Neuropathy — Sergott et al 





Sees 
TA c 


les 







“i 
\ PAK k s6! 
RSIS- 
Ke Fae al ale a] RAT 
\ ¥ / se sake Á £ 10} 
a ųy}łoq ul osip uoisuayədáy 
/ — £ pon snojewoue ‘Aisnoiaid 
a Re pee oe ll suonow Ayyeyue6buoo Á į Jeju 
OOv/02 OZ/OZ ve —G8— 6186008 pueH 02/02 ‘QUON əƏuyuod yə7 SO 4/8S/€ 





Ce 
Wee 





A6 
eAe Yo] ul Jo} sjyuebe 
ebeyuowsy jeso ‘A L 
SNOBIJIA JO} SNJow 
yl ‘uOISN|O90 sajeqeip 
uoldassed suoyjow  siabulj UIA juapusdep 
445617 002/02 pueH Buljunod eua |B4jUaD “UIINSU] ao W/92/2 
səÁə 
y0q u! OSIP 
snojewoue 
Áepuaĵuoo 
y zœ ‘Aisnotaaid 
ye suobuy ssaBuy suoow A, 2A0 
Buyunog OO /02 Buunog pueH Ye Ul NOIVN SUON go W/€9/1 




















ow so ao A10}S!H Ai0}SIH Kia Bans xas/A 
‘dn-mojjo4 oiwjeyyydo jeoIpew  uamiapun ‘eBy/*ON 
Jo OT 0} See pue qwened 
uoneing Anoy Ə8U0 Aynoy POAJOAU 
IEnsIA woij4 JENSIA Ajaynoy 
@Alye18d0}SOq JBAsOzUY sanessdosig SEM 


PI@!4 IENSIA @AI}eE19d0}S0q so ao 








1745 


Nonarteritic Ischemic Optic Neuropathy — Sergott et al 


—Vol 107, December 1989 


Arch Ophthalmol 








səzejd 
JOJOO 
91/9 
02/02 ‘Ov/0z2 O€ 


sə}ejd soko 
J0j00 0q u! osip 
ou snojewoue uoisuayədáy 
02/02 ‘ʻOOt/OZ Álepuabuog ayiqe7 ao 4/LS/S 









NOLIH 
WALLHd 





NOLLHTAI 


WALI | 
| 8I- 61-461- i- 
21- 81-481- 8I- j 


S1- 61- O2-|02- 02 6l- 0l- 02 L(a- 12- S1- 
ti- 6I- 12- 11- OR S1- 2l- 





3i- W- + zt- (22 & 3I- S- 
el el 12> > e 22- gi- 





















St- fr 0% 1a ziz e E he yy46u 
a gl- ie #1- gion € st ul aha | sete 
ues o Sis 6 eee səzejd Mae a ro Pe sajyeid = ul s}uəaə Z yoq u! osip 
£- el- efg- 2 3i- JO|OO $6 Gils 0 & JOJOO ‘Alsnoineid snojewoue 
2 9I-4 I- bf pL/El pI- 2t-49T- ST- vl/P A ol əÁƏ AjjeyiueBuoo 
vl 0€/02 ‘OL/0%@ Gz | 09/02 ‘002/02 346 u! NOIVN ‘SUON SO W/LL/P 































ow PI9!4 JENSIA 341e 1ƏdO}SOd so ao p plƏl4 JENSIA SANeIedosig so ao Ai0}SIH A1O}SIH Asebuins xOS/A 
‘dn-mojjo4 ‘AseBins Jwujeyzydo JEPSIPOW WueMsepUy, ‘eBy/"ON 





40 TERREA A e SS NR pue 4u21}ed 
uoneng Ayinoy }esuO Ayinoy PSAOAU] 
IensSIA wWoJ4 IEnsSIA Ajeynoy 
SAl}esedojsog JEAIO}UY eAlesedosig SEM 











yey OAR 





+NOIVN YM SIUBHEd JO Seinjeey [ENUI 








Nonarteritic Ischemic Optic Neuropathy —Sergott et al 


1746 Arch Ophthalmol—Vol 107, December 1989 








Sa 


LL 


ow 
‘dn-mojjo4 
jo 
uoneing 





00% Gaz Oleg Esz Ove 





Fa ay nie 
ai 


A a p 
ie aa 
r d x y 3 
>, 


we 





RATTLES 


N 
Pu ie a > 


+ 
SY AA M à i Z ‘ 





Pjoi4 JENSIA 9A1}e19d0}SOd 


A 
36518 oji OF Š KA IT T 
SR 


Ov/O02 02/02 


0b og! 


oz/OzZ 0€/02 


00t /OZ 002/02 


SO ao 


SS m 
Andy 
ensi A 
@A1}e190d0}SOd 


92 








cS 


¿Z 


p 
‘Kia Gans 
0} 
yeSUO 
woi4 
JEAsOzUI 


Qe eee por enta Ce —~ = 


„NOIN 





plƏəld JENSIA eAlesEedOald 


UM siuaned w eeinjesy [eolui 


suonow 
pueH 02/02 


00t /02 
o} 
00t / OZ 
woO4dj 
Buje 
02/02 = -nyonis 


0Or/O02e 002/02 


so ao 


— 


ithe 


eaneledoald 


soko 
yyoq ul OSIP 
snojewoue 


Ayeywuebu0g 


sake 
ų}0q u! OSIp 
snojewoue 


Áe}puaĵuop 


əkə yu 
ul eIdoAjquy 


AiO}SIH 
oywjeyyydo 


@UON 


uoisuəyədÁH 


uoisuayedAyY 


A10}S!IH 
j29IPOW 


SO 


ao 


SO 


Asebins 
uama pun 
pue 
panjonul 
Ajaynoy 
sem 

wut AAR 











4/19/8 


A4/OL/2 


W/89/9 


xas/A 
‘eby/"ON 
yuaned 





1747 


Nonarteritic Ischemic Optic Neuropathy — Sergott et al 


Arch Ophthalmol—Vol 107, December 1989 


ke 














Ayjeyiuabu0g = ‘uoisuajedAy 

















e A o ¢ ! 4 A - K100} 3 ia Asebuns 


PI®!4 JENSIA SAIVes1edO\SOg i 
—  leopəw uəmiəpun ‘ə6y/'oN 











Nonarteritic Ischemic Optic Neurapathy—Sergott et al 


1748 Arch Ophthalmol— Vol 107, December 1989 


| 
- = 
B. 


? 





ye ee IEY 
) “ 


Sort 
ac ele aa: 
Ry lj, 
SS 

E 





SS 
a 
h 


oR 
j XG. 
X AE apr.. 
= ai 


0s/02 09/02 








Sig 
X 
AS 









Q 

PNS X 

Co Sapen h os 
AER 
SITL 


02/02 09/02 


ow PI9!4 [ENSIA BAyesedO}sSod so ao 
‘dn-mojjo4 
40 — 0} 
uoneing Ayinoy esu 
jENSiA es 
8Alj}es9doj}sod 


‘Asebuns 


jEAsO}UI 


LL ee PZ, TA ETT o LL NE Lae Ti SOR RN S N 
a h f » © oe > 





Ajsnoiaesd 
Ay 
aha yybu 
u! NOIWN 
‘soho 
yyoq ul OSIp 
snojewoue 
00v/0Z OOv/OZ AjjeyUeBU0D uoisuəyədáH 


a 
OE 
c=7= 


(aaa d 
a fie 
at 


Ajsnoinasd 

ow Z 

ƏəÁƏ Ye} 

u! NOIYN 

‘sake 

oq Uy OSIP 

ssoBuy sueBuy snojewoue 
Buyunody Buyunog = AyjeyiuaBbuoD QUON 


CHEE 
te 


i 


Á10}SIH 
oimjeyyydo 
-. m 

Ayinoy 
JENSIA 
eaiesedosid 


A10}SIH 
|E9!IPOW 


pPjai4 [ENSIA eAljesedoasd so ao 


SO 





ao W/ev/ct 


Asebuns xas/A 
yuemiepun ‘e6y/"°ON 





1749 


Nonarteritic Ischemic Optic Neuropathy —Sergott et al 


Arch Ophthalmol—Vol 107, December 1989 











(a. r > y 








N 
S 





XQ 
SD 
SK 
z aa: 
way, 
oe, 
KD 


Mii 
me, 
== 
KRISS 
Ze 
al 
PO 
ae 
5 = 2 




















LER X aseasip 

CAFR Yl YL wri YL Ajsnoinaid =—s san oNded 

CLAS ye suabuy = suaBuy suaBuy = ssaBuy A 8 aka ‘K OZ 405 
ft — 1 BuyunoD Buyun0D g Buyunod Buyunog y6u u! NOIVN uolsua}adA}Y so W/08/2 























5 as. £ TE a 3 səÁə Á €L 10} 

; SAR x EL] yjog ul osip uoisuəyədáy 

RIT snojewoue ‘K4 

$ Taas e h, T Ayyeywua6buoo 10} SNyyow 

SEEK? HL ye ‘Aysnoiaeid sejeqeip 

A was ye suabuy saul; ow g 3ÁƏ Įuəpuədəp 
SAE oe À Bununcg 00p/OZ +v Buyunod 0Op/OZ 45u u! NOIVN -utjnsu] SO W/t9/14 

9 ¿ 06 i z 








H 
LR 








d 
AY iy 
il 
SOS 
siaBuly A 


SP Nn 
02/02 6uunoo oz me aaa 


G 
Ls 


A 


Ny 


RY 
EEX, 
E 











Oy 


aS 








sseBuy 
02/02 Bununod SUON uosuəƏəƏdÁH go W/22/Pl 























ow PIS!4 JENSIA BAI}e19d0}S0q so ao p PIƏ!4 JENSIA ƏANLIƏdOƏld so ao A10}SIH AiO}SIH Asebins xas/A 
‘dn-mojjo4 ‘Ala Bans Jwjeyzydo jecIpew }uəmiəpun ‘eBy/"ON 
jo —— 0) — pue yuened 
uoneing Ayinoy }esUuO Ayinoy PSAJOAU] 
JENSIA woi4 JENsiA Ajaynoy 






ƏA1}e1ƏdO}SOd 1ę^13}U] SAIes1BdOdld semM 
eyl 343 








Nonarteritic Ischemic Optic Neuropathy —Sergott et al 


1750 Arch Ophthalmol—Vol 107, December 1989 










Duration 
of 
Follow-up, 


Postoperative Visual Field 












w 0O 2 
2 V EO 
Eoad -o 
5 = J o E S 
ù G aw = -Sg 
eo=5 g = 
alo O 
> q 
8 S 
a 8 a 
O 
A 
O ew > 
258.3 9 
= & 





Clinical Features of Patients With NAION* 
Preoperative Visual Field 





Oo ” 
> <2? 
-= — O 5 £ 
75S = 
325 O 
Q = O oo” 
o> E O 
© Q =o 
a O 5c 

x = 

O 


y 

oO 
4 g © 
En DEF 
— ke 
© O eO 
£ ee oe 
==| 20% 
a7) O35 
O < 

zZ 


Medical 

History 

Peptic ulcer 
disease 


| T 
_ 
Ss 23.62 
cf: e&ess3 2° 
FEFE TE. 
Ww <= g~ 
~ È 
c ox 
oa?) & 
$ =~” D 
A a Er w 
aon nad 
z mN 






Arch Ophthalmol— Vol 107, December 1989 








NAION indicates nonarteritic ischemic optic neuropathy. 


» 


THE => SS DE ES. adi 
T Sr. = es ee TS Oa ae eee 


20/20 

20/30 

20/50 

20/70 

20/100 

20/400 
Counting Fingers 
Hand Motions 


Light Perception 
No Light Perception 


> 
$ 
= 
O 
< 
T 
= 
2 
> 
© 
£ 
LL 


Initial Visual Acuity 





Fig 1.—Circles indicate preoperative and postoperative visual acuities 
in 14 patients with progressive nonarteritic sschemic optic neuropathy 
treated by optic nerve sheath decompression; triangles, initial and final 
visual acuities for 12 control patients who cid net undergo surgery. 


next 12 weeks. 

Preoperative and postoperative visual acuities are 
profiled in Fig 1. At this writing, visual improvement 
had been maintained in 11 patients for 6 to 18 months 
(average, 11 months). None of the 12 patients in the 
control group experienced any spentaneous improve- 
ment. 

As a representative example, the clinical course of 
patient 5 from group 1 is presented in detail. 


Report of a Case 


A 57-year-old white woman with a history of labile 
hypertension developed a sudden “shade” in the inferior 
visual field of the right eye. Her medical and ophthalmic 
history were otherwise unremarkable. 

Evaluation 5 days later revealed visual acuity of 20/30 OD 
and 20/20 OS. A right afferent pupillary defect was present 
as well as an inferior altitudinal visual field defect. The 
right optic disc was swollen superierly accompanied by 
streak peripapillary hemorrhages. Results of a complete 
blood cell count were normal, an anti-nuclear antibody ti- 
ter was less than 1:4, and the erythrocyte sedimentation 
rate was 8 mm/h. Visually evoked responses displayed nor- 
mal and symmetric amplitudes and latencies. 

Magnetic resonance imaging of the brain and orbits was 
normal. Lumbar puncture revealed clear, colorless CSF 
with normal protein and glucose concentrations without 
pleocytosis or oligoclonal bands. Results of a VDRL deter- 
mination and bacterial and fungal cultures were negative. 
A tapering course of oral prednisone, 40 mg for 5 days, 
30 mg for 1 day, 20 mg for 1 day, and 10 mg for 1 day, was 
administered, but visual acuity worsened to 20/60. 

The patient was then referred to the Wills Neuro- 
Ophthalmology Service because of further decreasing vi- 
sual acuity, to 20/400 OD. She could not identify any Ishi- 
hara pseudoisochromatic color plates with the right eye. 
Goldmann visual fields demonstrated an absolute inferior 
altitudinal defect involving central vision (Table). The right 
optic disc was now pale superiorly and swollen inferiorly 
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Fig 2.—Preoperative disc appearance of patient 5 from grou 





p 1 (left), with pallid edema and streak peripapillary hemorrhages 


compared with the diffusely pale postoperative appearance (right). The preoperative visual acuity was 20/400, and the post- 


operative visual acuity was 20/40. 
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Fig 3.—Circles indicate preoperative and postoperative visual acuities 
for three patients with nonprogressive nonarteritic ischemic optic neu- 
ropathy; triangles, initial and final visual acuities of 15 eyes (14 patients) 
that did not undergo surgery. 


with an inferior disc hemorrhage as well as peripapillary 
hemorrhages (Fig 2). The left optic nerve was congenitally 
anomalous without a central cup. 

An uncomplicated right optic nerve sheath decompres- 
sion with lysis of subdural adhesions was performed. On the 
first day after surgery, visual acuity improved to 20/70, and 
by the third day after surgery, visual acuity was 20/40. She 
regained the ability to see 6 of 14 Ishihara pseudoisochro- 
matic plates on the third day after surgery. Her visual field 
enlarged, but an absolute inferior arcuate-altitudinal de- 
fect remained (Table). At this writing, the optic disc was 
diffusely pale without edema or hemorrhages (Fig 2), and 
the visual acuity and field improvements had been sus- 
tained. 
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Group 2.—Only 1 patient (patient 3) in group 2 im- 
proved. Patients 1 and 2 did not demonstrate even 
transient improvement in visual function. Of the 
control patients for group 2, 2 of 15 eyes (14 individ- 
uals) demonstrated spontaneous visua] improvement 
following an acute nonprogressive NAION. The visual 
acuity of 1 patient improved from 20/100 to 20/ 50, and 
visual acuity of the second patient improved from 
20/80 to 20/25. The second patient had a nonprogres- 
sive NAION in her opposite eye, with counting fingers 
visual acuity that did not improve spontaneously. The 
remaining 13 eyes, with visual acuities of 20/200 or 
less, did not improve. The visual results for group 2 
are profiled in Fig 3. 


COMMENT 


The present data indicate that decompression of 
the meningeal sheath of the optic nerve with subse- 
quent release of the perineural CSF improved visual 
function for 12 of 14 patients with NAION and 
progressive visual loss. It is well established that 
NAION produces permanent loss of visual acuity and ` 
field in its natural history: only rarely do patients ex- 
perience the slightest degree of spontaneous visual 
recovery.’ We believe that the surgical intervention 
was responsible for the improved optic nerve function 
because of: (1) the dismal prognosis of untreated 
NAION, (2) the lack of spontaneous visual improve- 
ment in the initially involved eye of 7 patients who 
underwent surgery in the second eye, and (3) the un- 
improved visual function in an age- and sex-matched 
control group of 12 patients with progressive NAION 
who did not undergo surgery and who were evaluated 
during the same period as patients who underwent 
surgery. 

Variability of visual function in NAION has been 
documented previously, presumably from the use of 
eccentric fixation. We controlled for this potential 
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source of 2rror by having four independent observers 
check preoperative and postoperative visual acuities. 
Patients were encouraged to use eccentric fixation 
during imtial visual acuity testing. The degree of vi- 
sual improvement observed in our patients exceeded 
the variability of visual function described pre- 
viously.” 

Surgical intervention for NAION should be consid- 
ered only for that small group of patients with 
progressive visual loss. Progressive loss of visual 
acuity must be documented over 1 to 4 weeks before 
surgery is recommended. There is no need to inter- 
yene emergently when the patient is first evaluated 
since the current data indicate that the procedure is 
beneficia! even when performed 30 days after the on- 
set of visual symptoms. A reasonable management 
strategy would be to reevaluate the patient’s visual 
acuity, fields, and color vision every 10 days for the 
month fdlowing the diagnosis of NAION. Because 
optic nerve sheath decompression surgery has the 
potential to result in total and permanent blindness, 
surgical intervention must be reserved only for those 
patients with marked visual loss. 

The present study differs from previous therapeu- 
tic attemots for NAION“*** in specific patient selec- 
tion criteria and rationale. First, we divided patients 
into two groups based on the time course of the visual 
loss. Groap 1 included 14 patients with progressive 
visual loss, a well-documented**">” but poorly appre- 
ciated part of this disorder. In contrast, group 2 con- 
sisted of 3 patients with sudden profound loss of vi- 
sion that did not progress. Therefore, we considered 
NAION = heterogeneous entity based on the cadence 
of visual loss. 

Secondly, to our knowledge, this study is the first to 
design a ~herapeutic strategy that considers the con- 
genitally anomalous, “anatomically crowded” ap- 
pearance of the optic disc that is frequently associ- 
ated with NAION.* And, finally, we believe that optic 
nerve sheath decompression represents a rational 
neurophysiologic approach to NAION since this pro- 
cedure addresses the relationship between relative 
ischemia and axoplasmic transport, two processes 
that have proven somewhat reversible in previous 
clinical end experimental situations in the central 
and perpheral nervous systems.“ Moreover, 
Hayreh** has demonstrated in two experimental 
situations that swollen axons in the restricted space 
within the optic disc may produce secondary capillary 
vascular changes, damaging previously unaffected 
nerve fibers. 

It has deen claimed that pharmacologic interven- 
tion with corticosteroids,” anticoagulants,’ and 
diphenylaydantion® improves NAION. However, a 
subsequent study failed to confirm any beneficial ef- 
fect of liphenylhydantoin.* Considerable contro- 
versy exists concerning corticosteroid use for NAION, 
and the most recent opinions do not advocate use of 
these medications.** Certainly, corticosteroids do 
not beneat ischemic events in other locations within 
the central nervous system. The only patient de- 
seribed in detail in the study” claiming corticosteroid 
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success could have had diabetic papillopathy,”“ an 
often self-limited condition. Lixewise, anticoagula- 
tion has not proven beneficial for these patients. 

The present results indicate that some visual def- 
icits in progressive NAION may be reversible at cer- 
tain times. If the initial event in progressive NAION 
is indeed secondary to an ischemic, vaso-occlusive 
process, optic nerve sheath decompression may be ef- 
fective because it decreases the perineural pressure 
exerted by the CSF. This pressure under normal cir- 
cumstances may not interfere with optic nerve blood 
flow; however, in progressive NAION this subdural 
CSF might produce additional compromise of vascu- 
lar perfusion and impair axoplasmic transport. Ex- 
periments in the peripheral nervous system have 
shown that fast axoplasmic transport may be im- 
peded by a pressure as low as 30 mm Hg for 2 hours, 
and axoplasmic transport returns to normal 24 hours 
after the increased pressure is relieved.” Indirect ev- 
idence in the peripheral nervous system has indicated 
that nerve ischemia was the basic pathophysiologic 
abnormality responsible for the reversible axoplas- 
mic transport deficit. Progressive visual loss after the 
initial ischemic event?! could be due to interfer- 
ence with rapid axoplasmic transport produced by 
CSF pressure within the anatomically restricted con- 
fines of the perineural optic nerve space. Drainage of 
the CSF might allow recovery of fast axoplasmic 
transport, with subsequent improvement in vision. 
The visual recovery seen in patient 3 of group 2, who 
had sudden, nonprogressive visual loss, could be 
explained by a component of potentially reversible 
blockade of axoplasmic transport superimposed on a 
component of irreversible ischemia. 

The most unexpected result of this study was the 
improvement of visual acuity m two of seven eyes 
with long-standing severe visual deficits secondary to 
previous progressive NAION. This improvement in 
the contralateral eye that was net operated on is sim- 
ilar to that observed with optic nerve sheath decom- 
pression surgery for pseudotumor cerebri.”” This 
surprising contralateral improvement, we believe, is 
best explained by a decreased perineural CSF pres- 
sure around the previously damaged optie nerve, 
which had not been operated on. It has been suggested 
that compression of damaged or demyelinated axons 
such as may be produced by CSF within confined 
spaces such as the optic nerve sheath may result in 
axonal conduction block and poor visual function.” 

Optic nerve surgery did not have any significant 
benefit for NAION with sudden severe visual loss 
without progression. One of three patients did im- 
prove in group 2, but 2 of 15 eyes that did not undergo 
surgery improved. Based on the present data, it is not 
possible to recommend surgery for acute, nonprogres- 
sive NAION. 

In summary, optic nerve sheath decompression has 
reversed visual deficits in 12 of 14 patients with pro- 
gressive NAION. Surgical intervention for a pre- 
sumed ischemic optic neuropathy is a radical depar- 
ture from previously accepted beliefs about this dis- 
order. The present study has some methodologic 
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problems in that it was not randomized or double- 
masked. However, for progressive NAION, the im- 
provement in visual function has been striking, and 
we believe that this surgical procedure should be con- 
sidered when NAION results in progressive, profound 
loss of visual function. 


This study was supported in part by a postdoctoral research fel- 
lowship from Fight for Sight Inc, New York, NY (Dr Cohen). 
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Should Recessions of the Medial Recti Be Graded 


From the Limbus or the Insertion” 


Burton J. Kushner, MD; Neil J. Lucchese, MD; Gail V. Morton, CO 


è In a series of 27 patients who were 
operated on for esotropia, we compared 
patient response to surgery and the dis- 
tance the medial recti were recessed from 
the insertion and corneoscleral limbus. We 
found a much more significant correlation 
between the response and the amount the 
muscles were recessed from the insertion 
than from the corneoscleral limbus. Using 
partial correlation coefficients, we found 
that when we corrected for the amount of 
recession from the insertion, there was 
not a significant correlation between the 
response to surgery and the amount the 
muscles were recessed from the corneo- 
scleral limbus. This suggests that the ap- 
parent correlation between the response 
to surgery and the amount of recession 
from the ccrneoscleral limbus simply re- 
flects that the greater the recession from 
the corneoscleral limbus, the farther the 
muscle is likely to end up posterior to the 
insertion. 

(Arch Ophthalmol. 
1758) 


1989; 107:1755- 


It has been classically taught that the 
medial recti insert 5.5 mm from the 
corneoscleral limbus.' Recent studies 
of healthy humans? and of patients 
with infantile esotropia** have shown 
considerable variation in the distance 
between the eorneoscleral limbus and 
the medial rectus insertion. Partly in 
recognition of this variability, surgical 
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formulas for the treatment of esotro- 
pia have evolved that are based on 
grading the recession operation from 
the corneoscleral limbus.*’ 

In a prospective, randomized, 
masked clinical trial comparing the 
treatment of infantile esotropia using 
bilateral medial rectus recessions 
graded from the insertion to reces- 
sions graded from the corneoscleral 
limbus, two of us (B.J.K. and G.V.M) 
reported significantly better results 
with the formula that graded the re- 
cession from the corneoscleral limbus.‘ 
It was subsequently suggested that the 
better results found with this formula 
did not imply that grading the reces- 
sion from the corneoscleral limbus per 
se was better than grading the reces- 
sion from the insertion. Possibly the 
better results in the limbus group were 
a result of their generally receiving 
larger amounts of recession than the 
patients in the insertion group. 

Whether the recession operation 
should be graded from the insertion or 
the corneoscleral limbus is an unan- 
swered question. The purpose of this 
study was to determine if the response 
to medial rectus recessions in esotropic 
patients correlates more closely with 
the amount the muscles are recessed 
from the corneoscleral limbus than 
from the insertion. 


SUBJECTS AND METHODS 


This series consists of all consecutive pa- 
tients we operated on for esotropia between 
February 1987 and September 1988 who 
met certain criteria. The examiner had to 
believe that the preoperative and postoper- 
ative measurements were accurate, repro- 
ducible, and not variable. Patients under- 
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going simultaneous vertical transposition 
of the medial recti for the treatment of an 
“A” or “V” pattern orsimultaneous oblique 
muscle surgery were excluded. Patients 
with a partly accommodative esotropia 
with a high accommodative convergence to 
accommodation (AC/A) ratio and patients 
with an esotropia with a nonaccommoda- 
tive convergence excess were excluded, be- 
cause previous studies have shown that the 
response of the distance deviation to sur- 
gery in these patients is related to the near 
deviation.'! Patients with a history of pre- 
vious horizontal strabismus surgery, me- 
chanical restrictions, or the nystagmus 
compensation syndreme were also ex- 
cluded. Our upper age limit for inclusion 
was 16 years. Our patient population, there- 
fore, consisted of infantile esotropes, ac- 
quired nonaccommodative esotropes, and 
partly accommoéative esotropes with a 
normal AC/A ratio. Our surgical formula 
consisted of performing symmetric medial 
rectus recessions for all patients, regard- 
less of the magnitude ef their deviation, ac- 
cording to the surgical formula previously 
reported.: Our teehnique for the recession 
operation and for determining the actual 
amount of recession performed in a masked 
manner has beem previously described in 
detail.*!? 

The response to surgery was based on 
measurements made approximately 1 week 
after surgery (6 te 9 days) by an examiner 
(G.V.M.) who was masked as to the intra- 
operative findings Although we definitely 
believe it is inappropriate to consider a 
strabismus operation a success or failure at 
1 week after surgery, we intentionally ana- 
lyzed the data from the 1-week postopera- 
tive visit because we wanted to determine 
the response to the mechanical effects of 
surgery alone before sensory inputs altered 
the response. Measurements made approx- 
imately 6 months postoperatively were also 
used to assess long-range trends. 

Although the recessions were graded 
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from the insertion, intraoperative mea- 
surements were taken to determine the in- 
sertion-corneoscleral limbus distance be- 
fore fixation of the insertion with forceps in 
the manner described by Kushner et al.” 
We, therefore, could easily calculate how 
much recession from the corneoscleral lim- 
bus was actually performed. 

Although patients underwent clinical 
measurement using prism diopter notation, 
all measurements were converted to de- 
grees of deviation for the purpose of data 
analysis. The response to surgery was con- 
sidered the amount by which the preopera- 
tive esotropia had decreased. For example, 
if a patient had a 30° esotropia before sur- 
gery and a 10° esotropia after surgery, the 
response would be 20°. We determined the 
amount of recession from the corneoscleral 
- limbus by adding the amount of recession 
that was performed from the insertion to 
the distance we measured between the cor- 
neoscleral limbus and the insertion. For 
example, if a muscle was recessed 5 mm 
from the insertion and we measured the in- 
_ sertion to be 4 mm from the corneoscleral 
limbus, we considered the recession from 
the corneoscleral limbus to equal 9 mm. For 
analyzing the relationship between the re- 
sponse to surgery and the amount of reces- 
sion performed, we calculated the Pearson 
Product-Moment Correlation Coefficient as 
well as the partial correlation coefficient. 
The partial correlation coefficient is a sta- 
tistical test that will indicate the correla- 
tion of a parameter with one variable after 
eliminating the influence of a second vari- 
able. 


RESULTS 


This series consists of 27 patients, 13 
with infantile esotropia and 14 with 
acquired esotropia. Their ages ranged 
from 6 months to 16 years (mean, 3.2 
years). The mean deviation before sur- 
os was 24.9° + 6.23° (range, 11.3° to 

35°). 
_ Graphic representation and the cor- 
relation of the response to surgery 
with the amount of recession are given 
in Table 1 and Fig 1. Because the 
amount of recession from the insertion 
correlated closely with the amount of 
recession from the corneoscleral lim- 
bus (r = .821, P < .0001), we also de- 
termined partial correlation coeffi- 
cients between the response to surgery 
and the amount of recession from the 
corneoscleral limbus corrected for the 
influence of the amount of recession 
from the insertion, as well as between 
the response to surgery and the 
amount of recession from the insertion 
corrected for the influence of the 
amount of recession from the corneo- 
scleral limbus (Table 2). A highly sig- 
nificant correlation was found between 
the response to surgery and the 
amount the medial recti were recessed 
from the insertion when corrected for 
the amount of recession from the cor- 
neoscleral limbus. Significant correla- 
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Response correlated with recession 
from the insertion 

Response correlated with recession 

from the corneoscleral limbus 





Response, Degrees 


1 wk After 6 mo After 
Correlation Surgery, r Surgery, r 
.639 (P < .001) 


.453 (P < .05) 








a F aiai : a i 
CorneoscleralLimbus = TSA E ai 


.648 (P < .001) 





.443 (P < .05) 








Recession From Insertion or Limbus, mm 


Fig 1.—Scattergraph representing the response to surgery at 1 week after surgery as a function 
of the amount of recession from the insertion (closed circles) and from the limbus (open circles). 


Table 2.—Partial Correlation Between Response and Recession From the Insertion and — 


Corneoscleral Limbus : 


Correlation 


Response correlated with recession 
from the insertion corrected for the 
influence of recession from the corneal 
limbus 


Response correlated with recession 
from the corneoscleral limbus corrected 
for the influence of recession from the 
insertion 


tion was not found between the re- 
sponse to surgery and the amount of 
recession from the corneoscleral lim- 
bus when corrected for the amount of 
recession from the insertion. Our re- 
sults from data obtained 1 week after 
surgery were essentially the same as 
those based on data obtained 6 months 
after surgery. 


COMMENT 


Our data suggest that the response 
to surgery correlates significantly with 
the amount by which medial recti are 
recessed from the insertion in esotro- 
pic patients. Data also suggest that the 
apparent correlation between the re- 
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—.1179 (P> .5) 


1 wk After 
Surgery, r 


6 mo After 
Surgery, r 


.5247 (P < .005) 


.5586 (P < .005) 


—.2472 (P> .25) 





sponse to surgery and the amount by 
which the medial recti are recessed 
from the corneoscleral limbus is sec- 
ondary to the fact that the distance a 
muscle is recessed from the insertion 
correlates so significantly with the dis- 
tance it ends up from the corneoscleral 
limbus. In fact, when the distance was 
corrected for the amount of recession 
performed from the insertion, there 
was not a significant correlation be- 
tween the response to surgery and the 
amount of recession carried out from 
the corneoscleral limbus. Probably the 
good results that have been reported 
with surgical formulas grading reces- 
sions from the corneoscleral limbus 
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reflect the close correlation between 
the amount a muscle is recessed from 
the corneoscleral limbus and the 
amount of recession that this would 
yield from the insertion. Accordingly, 
the previously reported better results 
we reported with measurement from 
the corneoscleral limbus‘ were proba- 
bly due to the increased amount of 
medial rectus recession that was asso- 
ciated with that formula, as has sub- 
sequently been suggested by several 
authors.**° 

It has been suggested that in pa- 
tients with congenital esotropia, the 
variability in the insertion-corneo- 
scleral limbus distance of the medial 
recti may result in different responses 
in patients receiving the same amount 
of medial rectus recession if it is 
graded from the insertion.’ Consider 
two hypothetical patients, in each of 
whom the equator lies 10.5 mm from 
the corneoscleral limbus, but in one the 
medial rectus inserts 3.5 mm from the 
corneescieral limbus and in the other, 
5.5 mm. It is evident that a 5-mm 
recession of the medial rectus in each 
patient will place the muscle at differ- 
ent peints relative to the equator. In 
one patient, themuscle ends up 8.5 mm 
from the corneoscleral limbus, 2 mm 
anterior to the equator; in the other 
patient, the muscle will be 10.5 mm 
from the corneoscleral limbus and at 
the equator. This is not an argument 
for measuring recessions from the cor- 
neoscleral limbus; however, in the 
same two patients, recessing the mus- 
cle to a given distance (eg, 10.5 mm) 
from the corneoscleral limbus will re- 
sult in a different amount of shorten- 
ing of the muscle in the two eyes (5mm 
in one case and 7 mm in the other case) 
(Fig 2). 

Which system of measuring is more 
appropriate depends on the mecha- 
nism by which the recession operation 
actually works. Biesner’ theorized 
that the effect of a recession operation 
relates to the change in the contractile 
force generated by a muscle based on 
the length-tension curve rather than 
to a loss in mechanical advantage. 
Similar conclusions were arrived at by 
Kushner and Vrabec.' If the calcula- 
tions of Biesner and of Kushner and 
Vrabec are correct, it is more appro- 
priate to grade a recession operation 
from the insertion than from the lim- 
bus, provided that undesirable ana- 
tomic artifacts created by surgically 
manipulating the insertion are 
avoided.” Grading a recession from 
the insertion will result in a predict- 
able amount of shortening of the mus- 
cle, whereas grading the recession 
from the limbus may not. 
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Fig 2.—Given 10.5 mm for the limbus-to-equator distance and mediai rectus insertion 3.5 mm from 
the limbus, a muscle recessed 5 mm will end up 8.5 mm from the limbus, or 2 mm anterior to the 
equator (top left). In another eye with the same limbus-to-equator distance but with insertion 5.5 
mm from the limbus, a muscle recessed 5 mm will end up at the equator (top right). Recession 
of a muscle to the equator 10.5 mm from the limbus requires a 7-mm recession with imsertion 3.5 
mm from the limbus (bottom left) and a 5-mm recession with insertion 5.5 mm from the limbus 
(bottom right). Thus, a given recession from the limbus will result in a variable amount of short- 
ening of the muscle as the limbus-to-insertion distance varies (numerical notation is in millimeters). 





Fig 3.—If a muscle is recessed to the equator using a suspension technique, initially after surgery 
the functional point of attachment of the muscle is at the insertion (eft). After an adhesion forms 
between the muscle and the globe and the sutures dissolve, the funetional insertion of the muscle 
shifts posteriorly to the point to which the muscle is recessed (right). 
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A clinical observation also suggests 
that the proximity of the muscle to the 
equator is irrelevant in determining 
the effect of a recession operation, 
provided the muscle is not posterior to 
the equator. Whenever a muscle is re- 
cessed using a suspension technique 
(hangback), either with or without an 
adjustable suture, immediately after 
surgery the functional point of attach- 
ment of the muscle is still at the inser- 
tion (Fig 3). Several days to several 
weeks later, when the muscle has 
formed an adhesion to the globe, and 
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even later when the sutures attaching 
the muscle to the insertion dissolve, 
the functional insertion of the muscle 
shifts to the point to which the muscle 
was recessed; however, there is no 
change in the amount of slack of the 
muscle. If the relationship between the 
location of the functional insertion of 
the muscle and the equator is impor- 
tant, there should then be an abrupt 
change in the patient’s ocular align- 
ment around the time of the formation 
of this adhesion. This is not routinely 
observed in patients undergoing sur- 
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gery with the suspension technique, 
which suggests that the relative posi- 
tion of the muscle referable to the 
equator is not important, provided 
that the muscle is anterior to the 
equator. Therefore, it should be more 
accurate to grade a recession from the 
insertion, regardless of the variability 
in the insertion-corneoscleral distance. 
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A Controlled Retrospective Study of Ganciclovir 


Treatment for Cytomegalovirus Retinopathy 


Use of a Standardized System for the Assessment of Disease Outcome 


Gary N. Holland, MD; William C. Buhles, Jr, DVM, PhD; Barbara Mastre, RN; 
Henry J. Kaplan, MD; the UCLA CMV Retinopathy Study Group 


è To evaluate more accurately the clin- 
ical response of cytomegalovirus retinop- 
athy to ganciclovir, a system for the as- 
sessment of disease outcome was devel- 
oped that uses retinal photographs and 
three factors: development of new le- 
sions, enlargement of preexisting lesions, 
and change in retinal opacification of le- 
sion borders. With this system aretrospec- 
tive comparison was performed of 24 gan- 
ciclovir-treated patients and 17 untreated 
patients with cytomegalovirus retinopa- 
thy. A masked assessment showed dis- 
ease progression in 10 treated patients 
(43%) during a median period of 22 days. 
in contrast, 16 untreated patients (94%) 
had progression of disease during a me- 


(Cytomegalovirus (CMV) retinopathy 

is the most common opportunistic 
infection of the eye in patients with the 
acquired immunodeficiency syndrome 
(AIDS).'° It is generally believed that 
the infection, if left untreated, will 
spread relentlessly in all patients un- 


See also pp 1737 and 1767. 


til the entire retina is destroyed over a 
period of several months.*® Irrevers- 
ible blindness oceurs as soon as areas 
that are critical for vision, including 
the macula, maculopapillary nerve fi- 
ber layer bundle, and optic nerve head, 
beeome infected. 

Since 1984, the antiviral drug ganci- 
clovir has been used to treat serious 
CMV infections in immunocompro- 
mised patients. There have been nu- 
merous reports in the medical and 
ophthalmic literature describing suc- 
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dian period of 25 days. Comparison of 
treated and untreated eyes also suggests 
that treatment may prevent deterioration 
of visual acuity during the same period. 
This study supports the conclusions of 
previous uncontrolled studies that ganci- 
clovir is beneficial in the treatment of pa- 
tients with acquired immunodeficiency 
syndrome and cytomegalovirus retinopa- 
thy. It also demonstrates the utility of the 
proposed system for assessment of dis- 
ease outcome that can be used in future 
studies of therapy for necrotizing viral 
retinopathies. 

(Arch Ophthalmol. 
1766) 
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cessful treatment of CMV retinopathy 
with ganciclovir in  open-labeled 
studies.°™ It has been difficult to com- 
pare these studies, however, because 
standardized, objective criteria for the 
evaluation of CMV retinopathy out- 
come have not been used. 

In anticipation of further investiga- 
tions into the efficacy of ganciclovir 
and other antiviral drugs for the treat- 
ment of CMV retinopathy, asystem for 
the assessment of CMV retinopathy 
outcome was developed that uses serial 
retinal photographs. With this system, 
a controlled retrospective study was 
undertaken to evaluate the response of 
CMV retinopathy to ganciclovir. 


PATIENTS, MATERIALS, AND METHODS 
A System for Assessment of Disease 
Outcome 


Cytomegalovirus retinopathy is evalu- 
ated with three factors: development of new 
retinal lesions, enlargement of preexisting 
lesions, and change in opacification (white- 
ness) of lesion borders (Fig 1). The border of 
a lesion is considered to be that area ex- 
tending 1000 um (two thirds of the diame- 
ter of the optic nerve head) into the lesion 
from the interface between infected and 
noninfected retina. At the interface of some 
lesions will be groups of tiny white spots 
between homogeneous, densely opaque ar- 
eas of infection and normal retinal tissue. 
These spots are considered to be sites of 
early disease, and the border of a lesion is 
considered to be outside of and encompass- 
ing these white spots (Fig 2, left). 


The end point in this study was disease 
progression. Progression is the develop- 
ment of new lesiens or the enlargement of 
preexisting lesions. Vew lesions are dis- 
crete foci of retinal necrosis, noncontiguous 
with preexisting lesiens, and absent on the 
baseline ophthalmic examination. In this 
study, new lesions could not be determined 
in all cases by retinal photographs alone 
because the entime fundus had not always 
been photographed; the presence of new 
retinal lesions in such cases was identified 
from detailed notes and drawings in hospi- 
tal records. 

Enlargement ef preexisting lesions is 
identified by advancement of any segment 
of a lesion border mto previously unin- 
fected retina (Fig 2, might). Change in bor- 
der position is determined by its relation- 
ship to fundus landmarks, such as retinal 
vessels. In this study, enlargement was de- 
fined as an advancement of 500 um (one 
third of the diameter of the optic nerve 
head) or more when compared with the po- 
sition of the borcer en the baseline set of 
photographs. 

Cytomegalovirus retinopathy lesions 
may continue to enlarge during the first 
week of successful ganciclovir sodium 
treatment.'''*!° Also, baseline photographs 
for some treated patients in this study had 
been taken several days before the start of 
ganciclovir treatment. potentially allowing 
additional spread of disease prior to treat- 
ment that would be re‘lected on the first set 
of repeated photegraphs after treatment 
began. (Because retina is permanently de- 
stroyed by CMV irfection, lesions will never 
become smaller, even with successful treat- 
ment; only their appearance will change as 
involution of disease and scarring occurs.) 
For this study, therefere, the following rule 
was used: progressiomon the first set of re- 
peated photograpas was not scored if there 
was no progression on the second set. This 
rule was applied to the evaluation of both 
treated and untreated patients. If there was 
border advancement on the second set of 
repeated photographs as well, a score of 
progression was assigned to the patient at 
the time of the fixst set. 

The definition of pragression does not de- 
pend on the appearanee of lesions; enlarged 
lesions, regardless of their degree of retinal 
opacification, are considered to have pro- 
gressed. Opacification of lesion borders, 
however, is consicered in the evaluation of 
preexisting lesions that do not progress by 
the above definitions; it is used as a measure 
of viral activity. Change in border opacifi- 
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cation, when compared with the preceding 
set of photographs, is used to define lesions 
as improved, stabilized, or deteriorated. 
Change is based on one or more of the fol- 
lowing characteristics along any portion of 
the border: density of retinal whiteness, its 
homogeneity, and the ability to see under- 
lying choroidal vasculature. A score of im- 
provement is given if there is any area of 
decreased border opacification (without in- 
creased border opacification elsewhere); a 
score of stabilization is given if there is no 
change in border opacification; and a score 
of deterioration is given if there is any area 
of increased border opacification, regard- 
less of changes elsewhere. This system of 
analysis and associated definitions was es- 
tablished prior to the initiation of the ret- 
rospective study described in this report. 


Study Populations 


Medical records were reviewed from all 
patients with AIDS and CMV retinopathy 
who were examined at the Jules Stein Eye 
Institute (JSEI), Los Angeles, Calif, be- 
tween May 1981, when the first case was 
identified at UCLA, and July 1987, when 
data collection began. Cases were identified 
from a registry that had been established 
and maintained prospectively of all pa- 
tients with CMV retinopathy who had been 
examined at JSEI. In each case the diagno- 
sis of CMV retinopathy was based on the 
presence of one or more discrete foci of ret- 
inal necrosis and edema, identified clini- 
cally as irregular patches of retinal opaci- 
fication with dry, granular-appearing, ir- 
regular borders. In some cases there was 
associated retinal hemorrhage and inflam- 
matory sheathing of retinal vessels. Au- 
topsy studies have shown that a diagnosis 
of CMV retinopathy can be based reliably 
on these findings in patients with AIDS. 

The following demographic and medical 
data were collected from hospital records 
for each patient: sex, age, date of CMV 
retinopathy diagnosis, date of AIDS diag- 
nosis, first AIDS-related illness (the basis 
for a diagnosis of AIDS), white blood cell 
(WBC) count, and WBC differential count. 
The absolute neutrophil count was calcu- 
lated by multiplying WBC count by per- 
centage of neutrophils and bands. 

The following ophthalmologic data were 
obtained from notes or detailed retinal 
drawings made by the examining ophthal- 
mologist at the time CMV retinopathy was 
first identified at JSEI (“baseline examina- 
tion”): best corrected visual acuity in each 
eye, whether one or both eyes were infected, 
percentage of retinal area infected (< 10%, 
10% to50%, > 50% ), and location of disease 
foci in the retina. Lesions were assigned to 
retinal zones as follows: zone 1, considered 
to be that portion of the retina where infec- 
tion is immediately sight threatening and 
corresponding to an area 3000 um (2 disc 
diameters) from the fovea (approximately 
that area enclosed by the major temporal 
vascular arcades) or 1500 wm from the 
margins of the optic nerve head; zone 2, ex- 
tending anterior from zone 1 to the clinical 
equator of the eye, identified by the anterior 
borders of the ampullae of the vortex veins 
(the farthest anterior extent of the retina 





that can be photographed easily); and zone 
3, extending anterior from zone 2 to the ora 
serrata (Fig 3). 

Patients who had more than one oph- 
thalmic examination were studied further. 
They were divided into ganciclovir-treated 
and untreated groups. Patients who were 
treated after a period of delay were placed 
in the untreated group if they had two or 
more examinations before the administra- 
tion of drug, then were censored from fur- 
ther analysis when treatment began. The 
reasons that untreated patients received 
delayed or no ganciclovir treatment after 
May 1984, when the drug became available, 
were determined from medical records. 

Drug was administered to treated pa- 
tients after informed consent was received 
in an open-labeled manner under institu- 
tional review board-approved compassion- 
ate clearance protocols. Most treated pa- 
tients received an initial treatment (“in- 
duction”) consisting of 7.5 to 10.0 mg/kg per 
day in two or three doses daily for 14 to 21 
days. Some patients then received intermit- 
tent lower-dosage treatment (‘“‘main- 
tenance therapy”) consisting of 5.0 to 6.0 
mg/kg in one daily infusion, 3 to 7 days a 
week. Patients who received ganciclovir for 
less than 7 days were excluded from analy- 
sis. Although there was variation in dosage 
between treated patients and adjustment of 
dosage in some patients because of drug- 
induced neutropenia, dosage response anal- 
ysis was not performed. 

Treated and untreated patients who had 
photographic documentation of retinopa- 
thy at the baseline examination and who 
had at least one set of repeated photographs 
were identified and studied under the sys- 
tem of analysis described above. Patients 
were excluded from this group if they had 
received any ganciclovir prior to baseline 
examination at JSEI. 

Medical data, demographic data, and 
baseline ophthalmic examination data 
were compared to determine whether cases 
analyzed in this study (n = 41) were repre- 
sentative of all patients with CMV retinop- 
athy examined at JSEI (n = 91) and to de- 
termine whether the treated and untreated 
patients whose cases were analyzed were 
comparable. Two comparisons of baseline 
ophthalmic examination data were per- 
formed because of potential bias in the 
analysis of data from patients with bilat- 
eral ocular disease*: in one, only the worse 
eyes of treated and untreated patients were 
compared; in the other, all treated and un- 
treated eyes were compared independently. 
In bilateral cases, the worse eye was defined 
as the eye with the greatest percentage of 
retina involved at baseline examination; if 
percentage of retina involved was equal, it 
was the eye with zone 1 involvement; if per- 
centage of retina involved was equal and 
both eyes had zone 1 involvement, it was the 
eye with the worse visual acuity at baseline. 


Assessment of Ganciclovir Efficacy 


For treated patients with photographs 
during induction, disease outcome scores 
were assigned to the last set taken prior to 
the end of the induction period (unless a 
score of progression could be assigned to a 
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previous set by the rules described above). 
For treated patients without photographs 
during induction, disease outcome scores 
were assigned to the first set taken after 
induction. To make the period of assess- 
ment consistent between treated and un- 
treated patients, photographs for un- 
treated patients with multiple repeated 
sets were scored up to and including the set 
closest to 21 days after initial examination 
(corresponding to the longest period of in- 
duction therapy administered to treated 
patients), even if additional photographs 
were available. Photographs were scored 
for both eyes of patients with bilateral in- 
fections if available; the worse outcome 
score was assigned to the patient if the two 
eyes differed. 

Assessment was first performed by an 
“unmasked” investigator (G.N.H.). Because 
of the investigator’s familiarity with the 
patients being studied, their treatment, and 
the unique appearance of their fundus le- 
sions, the analysis of opacification and bor- 
der advancement was repeated by a 
“masked” investigator (H.J.K.) who had 
experience in the evaluation and treatment 
of patients with CMV retinopathy but who 
had not previously examined the patients in 
this study. Serial sets of coded photographs 
from unidentified treated and untreated 
patients were given to the masked investi- 
gator in a random fashion for analysis. 

Because patients were not photographed 
on a fixed examination schedule, days from 
baseline ophthalmic examinations to dis- 
ease outcome scores were determined for 
each patient. Median intervals were com- 
pared between treated and untreated pa- 
tients and between treated patients with 
progression and treated patients without 
progression. 


Assessment of Visual Outcome 


Each infected eye was analyzed sepa- 
rately for visual outcome. Corrected visual 
acuity measurements were obtained from 
ophthalmologic records. For each eye, vi- 
sual acuity at ophthalmic baseline exami- 
nation was compared with visual acuity at 
the time disease outcome score was as- 
signed to photographs. In some patients vi- 
sual acuities were not measured on the 
same date that photographs were taken; the 
measurement closest to the photographic 
date was used. Visual outcome of improve- 
ment or deterioration was defined for eyes 
with visual acuities of 20/400 or better as a 
change of two or more lines on the Snellen 
eye chart; for eyes with visual acuities less 
than 20/400, they were defined as a change 
from one of the following categories to an- 
other: “count fingers,” “hand motion,” 
“light perception,” and “no light percep- 
tion.” Stabilization was defined as no 
change in visual acuity or changes less than 
those described above. The median number 
of days between baseline ophthalmic exam- 
ination and visual outcome scores was de- 
termined for treated and untreated eyes. 


Statistical Analysis 


Statistical methods were used to test for 
significant differences between treated and 
untreated patients. The Student’s unpaired 
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Factor 1 


New Lesions New Foci of Retinal Necrosis Noncontiguous With Existing Lesions 


Factor 2 
Enlargement of 
Preexisting Lesians 


4 Yes 


TE E einen | e | 


Factor 3 
Activity of Change in Retinal Opacification 
Preexisting Lesions 
| | | 
Decreased No Change Increased 


v v 


Improvement § Stabilization | Deterioration | e | 


Fig 1.—Algorithm for assessment of disease outcome. In this study, new lesions (factor 1) were identified om phetographs 
or detailed retinal drawings made at the time of patient examinations; enlargement of lesion borders (factor 2) was defined 
as a 500-um advancement of any border area into uninvolved retina when compared with baseline examination, and dis- 
ease activity (factor 3) was determined by comparing opacification of lesions on photographs with opacification on the 
set of photographs immediately preceding it. 





Fig 2.—Left, The right retina of a patient with cytomegalovirus retinopathy in zones 1 and 2 prior to ganciclowr treatment. 
The border of the lesion, indicated by the solid line, encompasses all areas of retinal opacification, including small white 
spots adjacent to the solid areas of opacification. Right, The same eye at the end of the induction phase of therapy (pho- 
tographed 24 days later). The border of the lesion, indicated by the solid line, shows greater than 500 um of advamcement 
from its pretreatment position (dotted line). The 500-um interval for both photographs was estimated from the horizontal 
aptic disc diameter (1 optic disc diameter assumed to be 1500 um). Both investigators assigned the patiert a score of 
progression, based on enlargement of this lesion. Both also considered border opacification to be increased. 
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Fig 3.—Diagram of the retina (left) and photo- 
graph of the posterior pole (right) of a right eye, 
illustrating zones used to identify the location of 
retinal lesions in baseline ophthalmic exami- 
nations. 


t test was used to compare patient ages, 
WBC count, and absolute neutrophil count. 
A x? test was used for comparisons of pro- 
portions. Because of the small cell sizes in 
some comparisons, all tests on proportions 
were performed on 2 X 2 tables after col- 
lapsing data categories as indicated in Ta- 
bles 1 through 5. Recent reports suggest 
that the x? test will give accurate probabil- 
ities even when cell expected values are 
near 1.0%; the traditional cut-off value, 
however, is 5.0. For this study, therefore, a 
Fisher Exact Two-Tailed Test also is re- 
ported when at least one cell expected value 
was below 3.0. The x? tests on change in vi- 
sual acuity assumed independence of out- 
come for all infected eyes. The tests used for 
each comparison are indicated in Tables 1 
through 5. 

The « statistic was used to estimate in- 
terinvestigator reliability in assigning 
scores to treated patients. To determine 
whether a relation existed between deteri- 
oration of vision and disease progression, a 
Fisher Exact Two-Tailed Test was used to 
test for an association of visual outcome 
with disease outcome scores assigned by the 
masked investigator. 


RESULTS 
Patient Population 


Ninety-one patients with AIDS and 
CMV retinopathy had at least one 
ophthalmic examination at JSEI dur- 
ing the period of study. The diagnosis 
of AIDS in all patients was based on 
criteria established by the Centers for 
Disease Control, Atlanta, Ga.” Twen- 
ty-four patients had only one exami- 
nation at JSEI during the period of the 
study; they either died before reexam- 
ination or received care elsewhere fol- 
lowing ophthalmic consultation. Six- 
ty-seven patients had two or more ex- 
aminations at JSEI. Twenty-six of the 
67 were excluded from analysis for one 
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of the following reasons: serial retinal 
photographs were not taken (14 
patients); ganciclovir had been admin- 
istered before the first examination at 
JSEI (10 patients); or details regard- 
ing treatment dosage or duration were 
not available (2 patients). Of the re- 
maining 41 patients, 24 received at 
least 7 days of ganciclovir treatment 
following initial baseline examination 
at JSEI, and 17 received no treatment 
during the period of analysis (un- 
treated control group). 

Comparison of patient demographic, 
medical, and ophthalmologic baseline 
examination data between the 41 pa- 
tients whose cases were evaluated in 
this analysis and the 50 patients ex- 
cluded from analysis revealed no sig- 
nificant differences with respect to any 
variable (data not shown); the 41 pa- 
tients appear to be representative of 
the larger population of patients seen 
at JSEI. 

There was a significant difference in 
the dates of CMV retinopathy diagno- 
sis between the 24 treated and 17 
untreated patients; more untreated 
patients were examined prior to 1984 
(P = .024). There were no other signif- 
icant differences in demographic or 
medical factors between the two 
groups (Table 1). Thirteen treated and 
six untreated patients had bilateral 
disease (P = .233, x? test). There were 
no significant differences in baseline 
ophthalmic examination data between 
worse eyes of treated and untreated 
patients (Table 2) or between the 37 
treated and 23 untreated eyes when 
considered independently (data not 
shown). 

Untreated patients did not receive 
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drug for a variety of reasons. Drug was 
not available for 4 patients in whom 
CMV retinopathy developed before 
May 1984. In 10 patients treatment of 
small or peripheral lesions was with- 
held until enlargement could be docu- 
mented on serial examination. One 
patient, who had unilateral disease, 
was not treated because the entire 
macula of the involved eye had already 
been destroyed. One patient was re- 
ceiving another medication (acyclovir 
sodium) that made him ineligible for 
the ganciclovir protocol. One patient 
declined use of the drug because of its 
perceived risks. 


Assessment of Ganciclovir Efficacy 


Analysis of disease outcome for 
treated and untreated patients is 
shown in Tables 3 and 4. A marked 
difference between the proportion of 
treated and untreated patients with 
progression was found by both inves- 
tigators (P < .001, unmasked investi- 
gator; P = .001, masked investigator). 
These differences are attributable to 
differences in the proportions of pa- 
tients with enlargement of lesions; 
significance was not established be- 
tween the proportions of treated and 
untreated patients in whom new le- 
sions developed. On the basis of pa- 
tients’ worse eyes, the unmasked in- 
vestigator assigned scores of progres- 
sion to 8 (33% ) of 24 treated patients in 
contrast to 16 (94%) of 17 untreated 
patients. The masked investigator as- 
signed scores of progression to 10 
(43%) of 23 treated patients in con- 
trast to 16 (94%) of 17 untreated pa- 
tients. The masked investigator did 
not assign a score to one patient be- 
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Untreated 
Patients 
(n = 17) 


Treated 
Patients 
(n = 24) 
23 (96)t 17 (100) 
1 (4) 
Age, y 
| Mean = SD 


Year of asquired immunodeficiency 
syndrome (AIDS) diagnosis 
198 `- 1983 3 (13) 


1984 6 (25) 
1985 9 (38) 
1986 5 (21) 
1987 1 (4) 
Year of cytomegalovirus retinopathy 
diagnosis 

1981-1983 0 
1984 2 (8) 
1985 12 (50) 
1986 8 (33) 
1987 2 (8) 


First AIDS-related illness 
Pneumocystis carinii pneumonia 


36.f + 6.7 


4 (24) 
3 (18) 
4 (24) 
2 (12) 
4 (24) 


.012; .024§ 


13 (54) 
4 (17) 
7 (29) 


8 (47) 
5 (29) 
4 (24) 


Kaposi sarcoma 
Other AlDS-related illnesses 


Hematology 
Data available 
White blood eel! count, X 10° 
Mean + 
Absolute neutrophil count, x 10° 
Mean + SD 2.42 + 1.62 2NF E 


* Pvalues datermined by x? test unless otherwise stated. When cell expected values are below 3.0, P values 
determined by Fisher's Exact Two-Tailed Test are also shown. For all variables with three or more categories, 
comparisons were performed after collapsing data into 2 X 2 tables; the first row is uncollapsed and subsequent 
rows are collapsed. 

+Number ot patients (percent). 

Student's unpaired t test. 

§Fisher's Exact Two-Tailed Test. 


22 patients 12 patients 


3.29 + 1.98 3.65 + 1.48 





Table 2.—Baseline Ophthalmic Data 


Treated Untreated 
Patients * Patients * 
(n = 24) (n = 17) 
Visual acuity 
20/ 15-20/ 40 15 (63)4 11 (65) 
20/50-20/ 100 2 (8) 2 (12) 
20/200 or worse 7 (30) 1 (6) 
Unavailable 0 3 (18) 


Percentage of retina involved 
<10 5 (21) 5 (29) .529 


10-50 15 (63) 12 (71) 
>50 4 (17) O 
Location of lesions, zone 


033;] 06a 


21 (88) 13 (76) 


18 (75) 12 (71) 
11 (46) 8 (47) 


* In bilateral cases, data are based on the eye with the greater percentage of retina involved at baseline ex- 
amination; if percentage of retina involved was equal in both eyes at baseline, data are based on the eye with 
zone 1 involvement; if percentage of retina involved was equal and both eyes had zone 1 involvement at base- 
line, data are based on the eye with the worse visual acuity. 

+P values determined by x’ test unless otherwise stated. When cell expected values are below 3.0, P values 
determined by Fisher's Exact Two-Tailed Test are also shown. For all variables with three or more categories, 
comparisons are performed after collapsing data into 2 X 2 tables; the first row is uncollapsed and subsequent 
rows are collapsed unless otherwise stated. 

¿Number ot patients (percent). 

§Comparesonly patients with known visual acuities. 

Compares patients with visual acuity measurements with patients without visual acuity measurements to de- 
termine whether a selection bias exists. 

"Fisher's Exact Two-Tailed Test. 
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“Lesions® 


Sein PA 
E WANAE 


Treated Untreated 
(n= 24) @= 17) Pt 


No 23 (96)+ 14 (82) 
Yes 1 (4) 3 (18) 


*Determined from notes and retinal drawings in 
hospital records as well as photographs. 

tP value determined by x? test. Because cell 
expected values wer below 3.0, P value determined 
by Fisher’s Exact Two-Tailed Test is also shown. 

Number of patiesits (percent). 


.152; .290 


cause of extensive lesions and media 
opacities. 

The majority of treated patients 
without progression received scores of 
improvement by beth the masked and 
unmasked investigators. In contrast 
neither investigater assigned a score 
of improvement to the single un- 
treated patient in each analysis who 
did not have progression. Although 
both investigators found a difference 
between treated and untreated pa- 
tients in the preportions with de- 
creased opacification (P =.001, un- 
masked investigator; P = .002, masked 
investigator), enly the unmasked in- 
vestigator found differences in the pro- 
portions with increased opacification 
(P = .024, unmasked investigator; 
P = .184, masked investigator). 

In 10 of the B treated patients with 
bilateral disease, photographs were 
available for analysis of both eyes. In 
3 of these patients, both investigators 
assigned diffement scores to the two 
eyes, with progression in only one. (A 
score of improvement was assigned to 
the other eye by each investigator in 
two of the three patients.) Therefore, 
the number of patients without pro- 
gression in at least one eye was 18 
(75%) for the unmasked investigator 
and 15 (65%) for the masked investi- 
gator. In all cases untreated patients 
with bilateral disease received the 
same score for both eyes. 

Identical scores were given by the 
two investigaters to 17 of 23 treated 
patients and & of 17 untreated pa- 
tients. Only 7 of 40 patients (5 of 23 
treated patients and 2 of 17 untreated 
patients) were assigned a score of pro- 
gression by one investigator and not 
the other. The «x statistic (+SE) was 
used to assess interinvestigator reli- 
ability in assigning scores to treated 
patients. For scores of progression, a 
value of 0.542 + 0.173 was calculated, 
indicating fair to good agreement.* 
For changes in opacification, a value of 
0.566 + 0.132 was calculated, also in- 
dicating fair to goed agreement.” 

For treated patients, two sets of re- 
peated photographs were analyzed for 
16 patients (67%) and one set of re- 
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Treated 
(n = 24) 


Untreated 
(n = 17) 


Factor 
Evaluated 









re 1 (6) 
16 (94) 


16 (67)4 
8 (33) 










Decreased 13 (54) 1 (6) 
Stabilized 4 (17) 5 (29) 
Increased 7 (29) 11 (65) 
_ Disease outcome $ 
Improvement 11 (46) 0 
Stabilization 2 (8) 0 
Deterioration 3 (12) 1 (6) 
Progression 8 (33) 16 (94) 





* P values determined by x? test. 


Results by Examiner 
—_— ao ——— 
Unmasked Investigator 
———_ ee — 


001§ 11 (48) O .002§ 
a" 2 (9) 6 (35) » 
.024|| 10 (43) 11 (65) .184| 
11 (48) 0 
1 (4) 1 (6) 
J 1 (4) O Ky 
<.0011 10 (43) 16 (94) 0011 









Masked Investigator 
= w2z2z.—-  ——— 
Treated Untreated 
(n = 23t) (n = 17) 











p* 














= 1(6) 001 
16 (94) 


13 (57) 
10 (43) 


















tPhotographs from one treated patient with extensive disease could not be interpreted by masked investi- 
gator. Patient received a score of progression by unmasked investigator. 


Number of patients (percent). 


§Stabilized and increased categories collapsed for analysis as a 2 X 2 table. 
[Decreased and stabilized categories collapsed for analysis as a 2 X 2 table. 
improvement, stabilization, and deterioration categories collapsed for analysis as a 2 X 2 table. 


eee Table 5.—Visual Outcome 







































Visual 
Outcome’ Treated Untreated P 
Improvement 1 (3)t 0 
Stabilization 29 (83) 11 (61) Da 
Deterioration 5 (14) 7 (39) .0434¢ 





* Outcome based on change in best corrected vi- 
sual acuity: for eyes with visual acuities 20/400 or 
better, a change of two or more lines on the Snellen 
eye chart; for eyes with visual acuities less than 20/ 
400, a change from one of the following categories to 
another: ‘‘count fingers,” ‘‘hand motion,” ‘‘light per- 
ception,” ‘‘no light perception.” 

tNumber of patients (percent). 

+x? test performed on a 2 X 2 table after collaps- 
ing improvement and stabilization scores. 


peated photographs was analyzed for 8 
patients (33%). For untreated pa- 
tients, two sets of repeated photo- 
graphs were analyzed for 10 patients 
(59% ) and one set of repeated photo- 
graphs was analyzed for 7 patients 
(41%). 

The median number of days from 
baseline ophthalmic examination to 
disease outcome score was 22 days 
(range, 8 to 51 days) for all treated pa- 
tients and 25 days (range, 7 to 41 days) 
for all untreated patients. In both 
analyses intervals were longer for pa- 
tients without progression than for 
patients with progression. For treated 
patients without progression, the me- 
dian number of days from baseline 
ophthalmic examination to score was 
21.5 days (range, 9 to 47 days) in the 
unmasked assessment and 26 days 
(range, 12 to 51 days) in the masked 
assessment; for treated patients with 
progression, it was 20.5 days (range, 8 
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to 51 days) in the unmasked assess- 
ment and 15.5 days in the masked as- 
sessment. 


Assessment of Visual Outcome 


Visual acuity measurements were 
available at the time of baseline oph- 
thalmic examination and at the time 
scores were assigned for 35 treated 
eyes (23 patients) and 18 untreated 
eyes (14 patients). Table 5 shows visual 
outcome results. Thirty treated eyes 
(86% ) had improved or stable vision, 
and 5 (14%) had decreased vision. In 
contrast, 11 untreated eyes (61% ) had 
stable vision, and 7 (39%) had de- 
creased vision (P = .043). When pa- 
tients were grouped by initial visual 
acuity (20/15 to 20/40; 20/50 to 20/100; 
<20/200), there was a trend toward 
stabilization of vision only in patients 
with visual acuities of 20/40 or above 
(P = .048, x? test; .085, Fisher’s Exact 
Two-Tailed Test); no statistical differ- 
ences were noted for other groups, but 
sample sizes were very small. 

The interval between baseline exam- 
ination and visual outcome scores was 
shorter for treated eyes than for un- 
treated eyes. The median number of 
days for all treated eyes was 21 (range, 
8 to 50 days) and for all untreated eyes 
it was 28 (range, 6 to 41 days). The me- 
dian number of days for all treated 
eyes with good visual acuity at base- 
line also was 21 days (range, 9 to 50 
days) and for all untreated eyes with 
good visual acuity at baseline it was 26 
days (range, 7 to 34 days). 

A relationship was not established 
between deterioration of vision and 
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disease progression in treated patients 
when visual outcome results for worse 
eyes were compared with disease out- 
come scores assigned by the masked 
investigator (P = .293, Fisher’s Exact 
Two-Tailed Test). The number of pa- 
tients in this study was too small to 
match treated and untreated patients 
by location and extent of disease. 


COMMENT 


The characteristics of CMV retinop- 
athy and the pharmacologic features 
of ganciclovir have been discussed ex- 
tensively elsewhere.'** The purpose of 
this study was to develop and test cri- 
teria for the assessment of disease 
outcome that could be used to investi- 
gate the efficacy of antiviral therapy. 

There have been many published 
case reports and patient series describ- 
ing the effects of ganciclovir on CMV 
retinopathy.** In 11 published series 
of 6 to 41 treated patients each, re- 
ported drug response rates varied 
from 81% to 100%.%!3:!416202223 Tt jg 
difficult to compare the results of these 
studies because disease outcome was 
not defined identically by all authors. 

The current system of analysis is 
based on the fact that treatment is 
used to prevent extension of infection 
to uninvolved retinal tissue. Thus, de- 
velopment of new foci of infection or 
increase in the size of lesions are the 
hallmarks of progressive disease. The 
appearance of lesions is less impor- 
tant; retina is nonfunctional whether 
it is white, because of necrosis and 
edema, or transparent, after scarring 
has replaced the infected tissue. 

The percentage of treated patients 
with progression at the end of induc- 
tion therapy is higher than might be 
inferred from previous reports. This 
discrepancy most likely is due to the 
rigid criteria established for the cur- 
rent study. A 500-um enlargement of 
lesions could be missed easily on indi- 
rect ophthalmoscopic examination 
alone. In previous studies any decrease 
in opacification may have been identi- 
fied as a drug response. In this study, 
however, decreases in opacification 
were not scored as improvement if 
there was increased opacification else- 
where in the same eye or if enlarge- 
ment of lesions occurred. Also, some 
patients received scores of progression 
despite early signs of improvement 
because lesions had enlarged by the 
end of induction therapy. 

Enlargement of preexisting lesions 
was the most important factor for de- 
termination of disease progression. In 
no case was there development of new 
lesions without concurrent enlarge- 
ment of preexisting lesions. Few pa- 
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tients had new lesions develop during 
the study. With a longer study differ- 
ent rates ef new lesion development 
might be ebserved. Jabs and associ- 
ates’ reported that 9 (60%) of 15 un- 
treated patients with unilateral dis- 
ease had new lesions develop in the 
opposite eye after 1 week of observa- 
tion, while none of 18 treated patients 
had bilateral disease develop. These 
figures suggest that ganciclovir does 
protect against development of new 
lesions. 

Disease eventually progresses in 
many treated patients,“ but progres- 
sion or laek of progression among 
treated patients could not be attrib- 
uted to their length of follow-up. In 
fact, those with progression had 
sherter follow-up times than those 
without, a reflection of the fact that 
patients were censored from further 
analysis wnen progression was noted. 

The reasons for disease progression 
are unclear but may include inade- 
quate drug dosage*’* or, in rare cases, 
viral resistance.” Progression during 
maintenance therapy may occur in 
50% of patients or more.” Even these 
patients may benefit from ganciclovir 
therapy, however. Studies by other 
investigaters®” indicate that ganciclo- 
vir maintenance therapy delays pro- 
gression or decreases its rate, thereby 
potentially delaying visual loss. Also, 
there may be asymmetrical response 
with progression in only one eye. 

Change m opacification is not used to 
define progression, but it was studied 
to determme if it is a reliable surro- 
gate for enlargement of lesions. Eval- 
uation of opacification is restricted to 
lesion borcers. In the natural history 
of untreated lesions, opacification of 
the retina eventually decreases as ne- 
crotic tissue is replaced by scar tissue. 
Because of the centrifugal spread of 
lesions, this change occurs first in the 
central or oldest portion of lesions. 
Border opaeification, which represents 
the advaneing interface between nor- 
mal and infected retina, does not seem 
to decrease spontaneously. 

Decreased opacification was not a 
reliable sizn of nonprogression. The 
majority af treated patients without 
progression had decreased opacifica- 
tion (69% for the unmasked investiga- 
tor and 79% for the masked investiga- 
tor), but two of nine treated patients 
given a score of progression by the un- 
masked investigator had decreased 
opacification as well. The phenomenon 
of lesion enlargement despite little 
opacification has been reported previ- 
ously.” 

Assessment of changes in border 
opacification appears to be most useful 
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in patients without progression as a 
sign of change in viral activity and 
therefore as a predictor of eventual 
outcome. When additional sets of pho- 
tographs were studied, each of the four 
patients in this study who was given a 
score of deterioration by one of the in- 
vestigators had subsequent progres- 
sion of disease within periods ranging 
from 8 to 35 weeks. Increased opacifi- 
cation may be most useful during 
maintenance therapy as a sign of in- 
creased viral activity (“breakthrough”’ 
or reactivation) in lesions that had be- 
come less opaque initially. Treating 
physicians may wish to follow up pa- 
tients more closely and consider ad- 
ministration of additional ganciclovir 
if lesions are deteriorated; conversely, 
intervals between follow-up examina- 
tions might be lengthened in patients 
with lesion improvement and stabili- 
zation. 

Other factors, cited previously as 
signs of disease response, have not 
been found by us to be clinically useful 
and were not included in this system 
for assessment of disease outcome. 
Hemorrhage does not appear to be re- 
lated to enlargement of lesions; it may 
in fact increase initially in patients 
who have no further retinal destruc- 
tion. Resolution of vascular sheathing 
does appear to be a reliable sign of 
drug response, but vascular sheathing 
occurs in too few patients for this sign 
to be of value. 

Visual outcome is a less reliable sign 
of drug response than observable 
changes in the retina because it is de- 
pendent on the location and extent of 
lesions. Nevertheless, because preser- 
vation of vision is the goal of therapy, 
visual outcome was also determined in 
treated and untreated eyes. Change in 
visual acuity was compared rather 
than actual visual acuity measure- 
ments because vision lost as a result of 
retinal necrosis cannot be regained. 
Eyes, rather than patients, were com- 
pared because local factors, such as 
retinal location and extent of lesions, 
were believed to be more important 
determinants of outcome than host 
factors in patients with bilateral dis- 
ease. 

Despite these potential problems, 
the study indicates that visual loss oc- 
curred in a greater proportion of un- 
treated than treated patients. When 
patients were separated into sub- 
groups by initial level of visual acuity, 
the difference was suggested only for 
patients with good vision (20/40 or 
better). For ganciclovir to prevent ad- 
ditional loss of vision, therapy there- 
fore is likely to be most effective if le- 
sions are identified early and treated 





before the macula is threatened. 

There was a possibly significant dif- 
ference between the number of treated 
and untreated patients for whom vi- 
sual acuity measurements were not 
available. Also the interval from base- 
line examination to visual outcome 
score was shorter for treated patients. 
It is unlikely, hewever, that the small 
difference in intervals accounts for the 
difference in visual outcome scores 
because enlargement of lesions pro- 
gresses slowly in most cases. 

The lack of association between dis- 
ease progression and deterioration in 
this study may be related to several 
factors. The period of study was short. 
Preservation of vision by ganciclovir 
therapy and a relationship to disease 
outcome scores might have been more 
apparent had analysis continued past 
induction therapy. (Even with contin- 
ued progression, lesions in zones 2 and 
3 would not necessarily have reached 
the macula during the course of this 
study.) Disease at the start of therapy 
was far advanced in many patients; 
loss of vision in treated patients, there- 
fore, may have been caused by factors 
other than progression of lesions, such 
as scarring with retinal traction, cys- 
toid macular edema from remote sites 
of infection, and retinal detachment. 
Vision could be lost from other AIDS- 
related disorders as well, such as ret- 
inal ischemia associated with mi- 
crovascular disease® and lesions in- 
volving intracranial visual pathways. 

There were several potential sources 
of error for the entire study. It shares 
the weaknesses inherent in all retro- 
spective studies. Nevertheless, a ret- 
rospective study was chosen to test 
this system of analysis because it is the 
opinion of many investigators” that it 
is no longer ethical to conduct prospec- 
tive, randomized, placebo-controlled 
studies of ganeiclovir treatment for 
immediately vision-threatening CMV 
retinopathy (disease that involves 
zone 1) because of the severe conse- 
quences of untreated infection and the 
perception that the drug does in fact 
successfully contre! the disease. 

Another potential source of bias is 
the fact that 26 (88%) of 67 patients 
with multiple examinations at JSEI 
were excluded from the study. The pa- 
tients analyzed are believed to be rep- 
resentative of the total population, 
however. There were no statistically 
significant differences between the in- 
cluded and excluded patients in impor- 
tant demographic, medical, and oph- 
thalmologic factors that might have 
influenced response to treatment. No 
exclusions were based directly on dis- 
ease factors. Also, treated and un- 
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treated patients are believed to be 
comparable groups. The decision to 
withhold drug therapy for patients 
examined after ganciclovir became 
available was made by treating physi- 
cians on an individual basis. There 
were no criteria for initiation of treat- 
ment on the compassionate use proto- 
cols that would select patients less 
likely to have disease progression. The 
most common reason for delaying 
treatment was disease location: 
treatment was not given to some 
patients with peripheral, non-sight- 
threatening lesions. If it were to have 
any effect in this study, the decision to 
delay treatment might bias results 
against the drug because treated pa- 
tients would have more extensive or 
sight-threatening disease at the start 
of therapy. 

Additional sources of error include 
the following: treatment was nonran- 
domized; ganciclovir was administered 
by several different treating physi- 
cians in variable dosages; the decision 
to treat was not based on prospectively 
defined criteria; there were different 
intervals to disease end points among 
patients because examinations and 
photographs were not taken on a set 
schedule; only one eye of some patients 
was analyzed; and in some patients all 
areas of lesions were not photographed 
(although the clinically most impor- 
tant posterior border was photo- 
graphed in all patients). 

The strengths of this study com- 
pared with previous reports include 
the following: to reduce selection bias 
it was performed at a single center 
where every patient with CMV retin- 
opathy was considered; it uses pro- 
spectively designed criteria for assess- 
ment of disease outcome; and it com- 
pares treated patients with an 
untreated control group. 

This study provides additional evi- 
dence that ganciclovir stops or delays 
the spread of CMV retinopathy during 
the initial or induction phase of ther- 
apy. The results also support the 
widely held clinical impression that 
untreated CMV retinopathy in pa- 
tients with AIDS is a progressive dis- 
ease in nearly all cases. Furthermore it 
demonstrates the utility of a technique 
for assessment of disease outcome that 
can be used in future studies. 


This investigation was supported in part by a 
Research Manpower Award from Research to 
Prevent Blindness, Inc, New York, NY (Dr Hol- 
land). Dr. Holland is recipient of the Research to 
Prevent Blindness-James S. Adams Scholar 
Award. 

The ganciclovir used in this study was provided 
by Syntex Laboratories Inc, Palo Alto, Calif, and 
Burroughs Wellcome Co, Research Triangle Park, 
NC. 
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Illustrations were drawn by Timothy Hengst. 
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E. Champlin, MD; Michael S. Goitlieb, MD; W. 
David Hardy, MD; Winston G. Ho, MD; Drew J. 
Winston, MD; Peter R. Wolfe, MD (UCLA De- 
partment of Medicine); Yvonne J. Bryson, MD; 
James D. Cherry, MD; Lisa M. Frenkel, MD 
(UCLA Department of Pediatrics). The following 
physician-investigators also participated in this 
study by administering ganciclovir to patients as 
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Brooks, MD; Lawrence A. Cone, MD; Milan Fiala, 
MD; Louis S. Fishman, MD; Robert Hecht, MD; 
Stephen Knight, MD; H. Clifford Lane, MD; Jew- 
ell Parilla, MD; Charles Robertson, MD; Michael 
J. Roth, MD; Stephen J. Uman, MD; William 
Weinstein, MD; Joel Weissman, MD; and Robert 
E. Winters, MD. 
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interest in ganciclovir. Dr Buhles and Ms Mastre 
were employed by Syntex Research, the manu- 
facturer of ganciclovir, at the time the study was 
performed. 
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Long-term Intravitreal Ganciclovir Therapy for 


M.-H. Heinemana, MD 


è The safety and efficacy of intravitre- 
ously administered ganciclovir sodium as 
sole treatment fer cytomegalovirus retini- 
tis complicating ‘he acquired immunodefi- 
ciency syndrome was studied prospec- 
tively in seven patients. All but one of the 
patients had bilaeral cytomegalovirus re- 
tinitis and mone were able to tolerate ther- 
apy with systemically administered ganci- 
clovir because o myelosuppression in six 
patients and hepatotoxicity in one patient. 
Intravitreal ganciclovir therapy was dis- 
continued in twa patients within the initial 
2-week induction phase because of se- 
vere intractable -hrombocytopenia in one 
patient and retinal detachment in the 
ether. The retina’ detachment could not be 
conclusively attributed to the injections 
and was probabry a secondary complica- 
tion of cytomegalovirus retinitis. The re- 
maining five patients were treated weekly, 


Cytomegalovirus (CMV) retinitis is 

the most requently encountered 
ephthalmic opportunistic infection in 
patients with acquired immunodefi- 
eiency syndrome (AIDS), and it has 
been estimated that up to 46% of 
patients with AIDS may develop such 
infections at some point during the 
eourse of theirillness.'* Retinal infec- 
tiens caused by CMV are variable in 
extent and speed of progression but 
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with the course of therapy ranging from a 
minimum of 14 weeks (18 injections) to a 
maximum of 56 weeks (58 injections). The 
patients were followed up for an average 
of 23.5 weeks. All eyes responded to 
intravitreal therapy initially, while the six 
untreated control eyes with cytomegalo- 
virus retinitis all demonstrated progres- 
sion of disease. Two eyes relapsed while 
receiving intravitreal doses of 200 wg of 
ganciclovir sodium and were subsequently 
treated with 300 wg of ganciclovir sodium 
per injection. One eye responded to this 
regimen, while in the other one the disease 
progressed. In the long-term treatment 
group, one eye developed Staphylococ- 
cus epidermidis endophthalmitis, which 
was treated with vitrectomy and intravit- 
real and systemic antibiotics. 

(Arch Ophthalmol. 1989;107:1767- 
1772) 


left untreated are usually inexorably 
progressive, resulting in severe visual 
loss and blindness. 





See pp 1737 and 1759. 





Intravenously administered ganci- 
clovir sodium, a congener of the nucle- 
oside acyclovir, has been shown to be 
an effective therapy for CMV retinitis 
by several investigators.*°* However, 
long-term maintenance therapy is re- 
quired to prevent progression or re- 
crudescence of disease. Breakthrough 
infections are common despite intra- 
venous ganciclovir maintenance ther- 
apy, which is frequently complicated 
by myelosuppression and neutropenia 
that often require attenuation or dis- 
continuation of treatment.'’’ Further- 


more, patients treated systemically 
with ganciclovir cannot, in most cases, 
receive concurrent therapy with zi- 
dovudine, whieh has been demon- 
strated to have activity against the 
human immunodeficiency virus. 

In 1987, Henry and associates” de- 
scribed a technique of intravitreal in- 
jection of ganciclovir for the treatment 
of CMV retinitis in a patient with 
AIDS complicated by neutropenia who 
could not receive systemic therapy 
with ganciclovir. In a subsequent 
study, Ussery and coworkers" re- 
ported that 11 ef 14 eyes treated with 
intravitreal injections of ganciclovir 
demonstrated suppression of retinitis 
after intermittent, short-term ther- 
apy. More recently, the safety and ef- 
ficacy of long-term intravitreal ganci- 
clovir therapy in 10 patients with CMV 
retinitis was evaluated by Cantrill and 
associates.” In this study, our experi- 
ence with intravitreal ganciclovir 
therapy in seven patients with pro- 
gressive CMV retinitis prospectively 
studied is presented. 


PATIENTS AND METHODS 


Patients were deemed eligible if they 
were diagnosed as having AIDS according 
to the Centers for Disease Control (Atlanta, 
Ga) surveillance definition, had demonstra- 
bly progressive CMV retinitis in one or both 
eyes, and could not tolerate systemically 
administered ganciclovir.'* Specific eligibil- 
ity criteria included inability to tolerate 
systemic ganciclovirtherapy because of neu- 
tropenia (absolute neutrophil count <1.0 X 
10°/L during the previous 30 days) or other 
forms of toxicity.” The diagnosis of CMV 
retinitis was made by indirect ophthalmos- 
copy. Clinical diagnostic eriteria included 
the character and extent of the retinitis and 
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the degree of associated vasculitis. Patients 
typically presented with multiple, often 
confluent yellow-white infiltrates, some- 
times hemorrhagic, close to major retinal 
vessels or with nonhemorrhagic zones of 
granular white opacification. 

Exclusion criteria included administra- 
tion of CMV hyperimmune globulin within 
14 days prior to enrollment, thrombocy- 
topenia (platelet count <50 x 10°/L), and 
opacification of the cornea, lens, and/or 
vitreous that might preclude adequate vi- 
sualization of the retina and optic nerve. 

Ganciclovir was furnished by Syntex 
Laboratories (Palo Alto, Calif) under a 
compassionate-use protocol approved by 
the Food and Drug Administration under 
the Investigational New Drug Program. 
The protocol was approved by the Institu- 
tional Review Board, Memorial Sloan-Ket- 
tering Cancer Center, New York, NY. 

All patients enrolled in the trial under- 
went baseline ophthalmologic examination, 
which included determination of best cor- 
rected visual acuity, slit-lamp biomicros- 
copy, indirect ophthalmoscopy, and base- 
line seven-field wide-angle fundus photog- 
raphy. Additional studies included urine 
buffy-coat CMV cultures and complete 
blood cell count. All culture findings were 
negative. Six of seven patients had bilateral 
retinitis. Of these, three patients had hand 
motions vision or worse in the more in- 
volved eye, and it was decided to treat the 
eye with best visual potential. Among the 
remaining patients, the eyes with the most 
sight-threatening lesions, ie, involving 
macula or optic nerve, were treated. 

Induction therapy for all patients in- 
cluded an initial series of six injections, 200 
ug/0.1 mL per treatment, given over an 18- 
day period. Subsequently, patients received 
weekly injections. The technique of injec- 
tion was that developed by Henry and 
associates.” The drug was supplied as a 
sterile lyophilized powder, 500 mg per vial 
reconstituted with normal saline to yield a 
concentration of 2 mg/mL. This solution 
was then filtered through a 22-um filter be- 
fore injection. Injection volume was 0.1 mL 
for all treatments. Patients were instructed 
to use topical gentamicin drops the night 
before and morning of treatment. Injec- 
tions were performed on an outpatient ba- 
sis. Topical 4% cocaine hydrochloride was 
used as anesthetic. Prior to injection, the 
conjunctivae and fornices were irrigated 
with balanced salt solution. Injections were 
made 3.5 to 4.0 mm from the corneoscleral 
limbus in the inferotemporal quadrant. A 
30-gauge needle was used for injection. 
Following injection, the patency of the cen- 
tral retinal artery was established ophthal- 
- moscopically. 

Primary ophthalmologic end point in- 
cluded the extent of retinitis from the ini- 
tiation of treatment using the following 
criteria: development of a new retinal CMV 
lesion, advancement by 750 um or more of 
any preexisting CMV lesion, or advance- 
ment to a new sector (one or more clock 
hour positions) of lesions posterior to the 
equator. Secondary end points included 
changes in visual acuity of two lines or more 
or qualitative changes in disease activity as 
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manifested by changes in the degree of 
opacification of the lesions. 


RESULTS 


Seven patients were treated with 
serial intravitreal injections of ganci- 
clovir and followed up clinically from a 
minimum of 14 weeks toa maximum of 
56 weeks. The patient clinical data are 
summarized in Table 1. The patients 
ranged in age from 33 to 45 years. Six 
of the patients were either homosexual 
or bisexual men. One patient was a fe- 
male intravenous drug abuser. The 
patients were diagnosed as having 
AIDS an average of 12.5 months prior 
to the onset of ocular symptoms, which 
included loss of visual acuity and float- 
ers. All patients had received some 
treatment with systemically adminis- 
tered ganciclovir. Six patients had to 
discontinue systemic treatment be- 
cause of severe neutropenia resulting 
from drug-induced myelosuppression. 
The remaining patient developed se- 
vere hepatotoxicity and had to discon- 
tinue ganciclovir treatment. 

Six of seven patients had severe, bi- 
lateral retinitis. The clinical data are 
summarized in Table 2. All but three 
eyes of patients with bilateral disease 





Patient/Sex/Age, y Risk Factor 
1/M/42 Bisexual 
2/M/41 Homosexual 
3/M/45 Bisexual 
4/M/39 Homosexual 
5/M/38 Homosexual 
6/F/33 IV drug use 
7/M/37 Bisexual 





Table 1.—Patient Data* 


Duration Ganciclovir 
Bilaterality of AIDS, mo Toxicity 
Yes 9 Neutropenia 
Yes 11 Hepatotoxicity 
Yes 13 Neutropenia 
Yes 22 Neutropenia 
Yes 14 Neutropenia 
Yes 8 Neutropenia 
No 11 Neutropenia 


had involvement of zone 1 (inside the 
temporal vessel arcades and/or within 
1500 um of the optic nerve head). Two 
patients, patients 3 and 6, had near to- — 
tal retinal and optic nerve involvement 
and light perception vision in the more 
involved eye, which was deemed unsal- 
vageable. Both of these patients had 
extensive disease in the better eye and 
received intravitreal treatment to 
these eyes. Patient 5 was also treated 
in the less involved eye because of se- 
vere optic nerve involvement in the 
fellow eye. The four other patients re- 
ceived treatment in the eye with the 
more sight-threatening lesion (prox- 
imity to the optic nerve or macula). 
All patients responded to induction 
therapy. Data from the course of treat- 
ment are summarized in Table 3. Sta- 
bilization of retinitis and partial reso- 
lution of retinal necrosis as manifested 
by a decrease in opacification and 
edema were noted during the second 
week of treatment (Figs 1 through 4). 
Both patients who received short 
courses of treatment, patients 4 and 5, 
also responded favorably (Table 4). 
Two patients, patients 3 and 6, eventu- 
ally developed recurrences (Fig 5) well 
into their course of treatment (13 and 















* AIDS indicates acquired immunodeficiency syndrome; IV, intravenous. 


Table 2.—Ophthamologic Data 


Patient Eye 





OD 
OSt 
ODt 
6 
OS 


Involvement * 


2, 
,3 
,a3 Y 
3 
2 


5 ODt 1 ae Yes 
OS Normal No 


Zone of Optic Nerve 


Involvement 
No 
No 


1 es 
1 No 
2 No 
H2S Yes 


*Zone 1 is defined as within the temporal vessel arcades and/or 1500 um of optic disc; zone 2, between 
zone 1 and the equator; and zone 3, anterior to the equator. 


tindicates treated eye. 


Arch Ophthalmol—Vol 107, December 1989 


Ganciclovir Therapy—Heinemann ~ 


Initial 
Acuity 


No. of 
Injections 


*HM indicates hand movements; LP, light perception; and NLP, no light perception. 


tindicates treated eye. 


10 weeks, respectively). Because of de- 
teriorating physical condition, neither 
patient could tolerate an additional 
reinduction course of six injections 
given over 18 days. Instead, they re- 
ceived weekly injections of 300 ug/0.1 
mL. Patient 6 responded favorably to 
this regimen, while patient 3 continued 
to demonstrate progression. Despite 
ophthalmescopic evidence of improve- 
ment, visual acuity among treated eyes 
deteriorated to varying degrees in all 
but one of the patients during the fol- 
low-up period (Table 3). Visual acuity 
of 20/200 was maintained in four of 
seven patients throughout the period 
of the study. 

Patients whose worse eye was 
treated were offered intravitreal ther- 
apy in the fellow eye once progression 
of retinitis was documented. This was 
done in patients 1 and 2. Follow-up of 
these eyes following initiation of treat- 
ment was 9 and 7 weeks, respectively. 

Two significant complications were 
eneountered during this trial. Patient 
4 developed a retinal detachment after 
a series of 8 intravitreal injections. 
The detachment was caused by a reti- 
nal break located at the interface be- 
tween normal and scarred retina pos- 
terior to the equator in the inferonasal 
quadrant. The patient declined treat- 
ment for the detachment. The other 
complication was endophthalmitis, 
which developed after 14 injections. 
The endophthalmitis was caused by 
Staphylococcus aureus (Fig 6). The en- 
dophthalmitis responded favorably to 
pars plana vitrectomy and intracam- 
eral and systemic antibiotics, but the 
patient declined further intravitreal 
therapy with ganciclovir. 

Five of seven patients died during 
the study. Two of these patients re- 
ceived intravitreal injections until 2 
weeks before death. The two surviving 
patients, followed up for 56 and 15 
weeks, have both demonstrated favor- 
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Final Result of 
Acuity Treatment 


Improved 
Improved 
Relapse, wk 15 
Relapse, wk 10 


20/200 


20/400 Improved 





able response to therapy with no evi- 
dence of recurrence. Overall survival 
of patients with CMV retinitis ranged 
from 16 weeks (patient alive at end of 
study) to 63 weeks (patient dead). 
Among deceased patients, average 
survival time from time of diagnosis of 
CMV retinitis was 34 weeks. 


COMMENT 


Cytomegalovirus retinitis has 
emerged as a major complication of 
AIDS, significantly adding to the over- 
all morbidity of the disease. At the 
start of the AIDS epidemic, CMV re- 
tinitis was most commonly identified 
among patients in the last phases of 
their illness and was considered a 
grave prognostic indicator. Life ex- 
pectancy of an AIDS patient with CMV 
retinitis was estimated at 6 weeks.’ 
Since 1987, the average life expectancy 
of AIDS patients with CMV retinitis at 
Memorial Sloan-Kettering Cancer 
Center has been 8 months (n = 28). In 
contrast, AIDS patients with CMV re- 
tinitis at Memorial Sloan-Kettering 
Cancer Center prior to this time had a 
4-month life expectancy. Among the 
five patients who died during this 
study, the length of survival after 
diagnosis of retinitis was 34 weeks 
(Table 3). The longer life expectancy of 
AIDS patients with CMV retinitis may 
be a reflection of several factors, in- 
cluding therapy with zidovudine, im- 
proved management of opportunistic 
infections, and earlier diagnosis of re- 
tinitis. Because of more thorough 
screening and greater awareness of 
the problem by the medical commu- 
nity, CMV retinitis is commonly rec- 
ognized during earlier stages of AIDS 
and has even been recognized as a pre- 
senting sign of the disease." 

Our experience at the Memorial 
Sloan-Kettering Cancer Center sug- 
gests that the prevalence of CMV re- 


Status 
Alive, wk 56 None 


Died, wk 19 


Survival with 


Complications Retinitis, wk 


Alive, wk 15 None 


Died, wk 19 None 


Died, wk 23 None 


Endophtkalmitis 


tinitis among patients with AIDS en- 
rolled in various treatment protocols 
at our institution is 27% (n = 141). A 
growing body of experimental and 
clinical evidence suggests that ganci- 
clovir, a congener of the acyclic nucle- 
oside acyclovir, appears to be effective 
in controlling CMV retinitis when ad- 
ministered systemically.*? Over 80% 
of patients can be expected to respond 
favorably to 2-week induction therapy 
of 10 mg/kg per day.'* Systemic treat- 
ment with ganciclovir has several dis- 
advantages, which include myelosup- 
pression, the fact that patients can 
usually not be concurrently treated 
with zidovudine, and complications as- 
sociated with venous catheterization, 
especially sepsis. Many patients are 
unable to tolerate prolonged mainte- 
nance therapy with ganciclovir (25 
mg/kg per week), and even with full- 
dose maintenance, relapse is common, 
occurring in up to 50% of treated 
patients.! Systemic ganciclovir does, 
however, appear to prevent CMV 
retinitis from developing in unin- 
volved eyes and, more importantly, 
controls CMV infection at other 
sites.'°!5 Among 38 patients with AIDS 
with CMV retinitis at Memorial Sloan- 
Kettering, no patient developed necro- 
tizing retinitis in a previously unin- 
volved eye during induction therapy 
(10 mg/kg for 7 to 10 days) or full 
maintenance therapy (5 mg/kg, 5 days 
per week). It should be noted that 
among reportec series of intravitreal 
ganciclovir therapy, development of 
retinitis in previously uninvolved eyes 
is exceptional.'" Few alternatives to 
systemic ganciclovir therapy exist. 
Foscarnet (phosphonoformate hexahy- 
drate) is a pyrophosphate analogue 
that inhibits viral DNA polymerase 
(as does ganciclovir) and reverse tran- 
scriptase, but if too must be adminis- 
tered systemically and intravenous 
maintenance is required to maintain 
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Fig 1.—Fundus photograph demonstrating 
pretreatment appearance of left eye of patient 
2. Active areas of retinitis are visible nasal and 
inferior to aptic disc. 


Fig. 2.—Patient 2. Three weeks after induction 
course of iniections, fundus photograph dem- 
onstrated partial resolution of retinitis. 


Fig 3 —Rignt eye of patient 6 demonstrating 
active necretizing retinitis and hemorrhage. 


Fig 4.—Right eye-of patient 6 after 8 weeks of 
intravitreal treatment. The retina is atrophic, 
choricretinal scarring is evident, and all areas 
of retinitis appear inactive. 


Fig &.—Right eye of patient 6 ten weeks after 
initiation of treatment. Reactivation and pro- 
gression of retinitis is evident. 


Fig 6& —Vitreous abscess in eye of patient 7. 
Endosnthalmitis developed in this patient after 
14 inteavitree! injections. 


virostatic effect.’ Reversible anemia 
and nephrotoxicity have been associ- 
ated with induction and maintenance 
therapy wich foscarnet. It is currently 
undergoing clinical evaluation. Com- 
bination therapy of intravenous gan- 
ciclovir an@granulocyte-monocyte col- 
ony-stimulating factor and ganciclovir 
cembined with CMV hyperimmune 
globulin are also being evaluated at 
this time as possible alternative or 
“salvage” treatments for patients with 
CMV retinitis that is refractory to 
systemic ganciclovir therapy alone or 
that cannot be treated with adequate 
doses of the drug. 

Intravitreal injections of ganciclovir 
were evaluated in a rabbit model by 
Pulido and associates,” who could find 
no observable or histopathologic evi- 
dence of toxicity at doses up to 400 ug. 
Retinal function as measured by elec- 
troretinography was normal in the 
treated eyes. Subsequent pharmaco- 
kinetic data by Schulman and co- 
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workers'® demonstrated that levels 
above the mean inhibitory dose for 
CMV could be achieved for 60 hours 
with single injections of 200 ug of gan- 
ciclovir sodium. Henry and associates” 
found similar intravitreal drug levels 
in a patient successfully treated with 
serial injections of 200 ug of ganciclo- 
vir sodium. Ussery and associates’! 
also reported favorable short-term re- 
sponse to intravitreal treatment with 
ganciclovir in a series of 11 patients. In 
over half of these patients, intravitreal 
ganciclovir was used as adjunctive 
therapy to systemic ganciclovir main- 
tenance. Many patients apparently re- 
sponded favorably to a single injec- 
tion. In light of the extremely limited 
pharmacokinetic data, it should be 
emphasized that the weekly injection 
schedule used in this study was based 
in part on convenience and also to limit 
the number of injections to reduce 
complications and minimize the possi- 
bility of cumulative toxicity of serial 
intravitreal injections of ganciclovir. 

Although the natural course of CMV 
retinitis is incompletely understood, a 
growing body of clinical evidence sug- 
gests that untreated CMV retinitis is 
an inexorably progressive disease in 
patients with AIDS. The rate and pat- 
tern of progression may vary from pa- 
tient to patient, but prolonged stabili- 
zation or spontaneous regression of 
disease apparently does not occur in 
this patient population. Currently 
available treatment for CMV retinitis 
is inadequate and no salvage therapy 
has been demonstrated to be effective. 
It is not known whether systemic zi- 
dovudine, the only generally available 
drug with proved activity against hu- 
man immunodeficiency virus, has an 
effect on the development or course of 
CMV retinal infections.’ However, case 
reports by D’Amico and coworkers,” 
Guyer et al,” and Fay and associates”! 
suggest that regression of CMV retini- 
tis may be induced by systemic zidovu- 
dine therapy. 

Intravitreal ganciclovir therapy 
may have a role in the treatment of 
CMV retinitis as an alternative or ad- 
junctive therapy to systemic ganciclo- 
vir. Multiple intravitreal injections 


Table 4.—Course of Treatment | 









Final Follow- Result of 
Acuity * up, wk Treatment Status Complicatien Retinitis, wk 
LP 23 Progressed Died, wk 23 Retinal detachment 63 
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Died, wk 14 
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appear to be well tolerated for the 
most part; however, serious complica- 
tions can and do occur. Although 
short-term fdlow-up data suggest 
that intravitreal therapy is both safe 
and effective imtreating CMV retinitis, 
adequate long-term data are not yet 
available. In this study, five patients of 
seven had useful vision prolonged by 
intravitreal administration of ganci- 
clovir. One petient (patient 1) has 
maintained good vision for over 14 
months and kas requested and re- 
ceived intravitrea! treatment in the 
fellow eye once progression of retinitis 
was documente 1. Despite initial favor- 
able responses ~o intravitreal therapy, 
two eyes develcped relapses while re- 
ceiving weekly maintenance injec- 
tions. Several factors may account for 
this, such as iradequate dose or fre- 
quency, viral resistance to ganciclovir, 
the degree of anmunocompetence of 
the patient, an] systemic reinfection 
with CMV. One patient (patient 7) had 
demonstrable o»tienerve involvement 
as well as necrotizing retinitis in zone 
1. Visual acuity was maintained at 20/ 
25 throughout the treatment period 
and decreased opacification of involved 
retina was observed following the in- 
duction phase of treatment. While sta- 
bilization of vision and regression of 
retinitis were moted, it should not be 
inferred that in ravitreal therapy had 
an effect on the degree of optic nerve 
involvement. Lcnger-term evaluation 
of the optic nearopathy in this case 
was curtailed by the endophthalmitis. 

Two eyes suffered serious complica- 
tions during the study. One patient 
developed Staphyloeoccus epidermidis 
endophthalmitis after 10 weeks of 
treatment. Altnowgzh the endoph- 
thalmitis was su2cessfully managed by 
means of pars p-ana vitrectomy and a 
course of intravitreal and systemic 
antibiotics, the eye was disadvantaged 
by the infection. In view of this com- 
plication and a report of a similar case 
of endophthalmitis by Cantrill and 
associates,'? modifications of injection 
technique may be necessary. Intravit- 
real injections performed under sterile 
conditions in th2 operating room as 
advocated by Ussery and associates" 
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would reduce the infection rate but are 
not practical in clinical settings treat- 
ing large numbers of patients. En- 
dophthalmitis is known to complicate 
pneumatic retinopexy, and the use of 
dilute povidone-iodine solution as a 
pretreatment irrigant has been 
advocated.” Extending the course of 
pretreatment topical antibiotic ther- 
apy from 1 day before treatment to 3 
days may also be of value in reducing 
the infection rate in immunocompro- 
mised patients. 

Another eye developed retinal de- 
tachment during the third week after 
induction therapy (after eight injec- 
tions). Although retinal detachment is 
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common among eyes with CMV retini- 
tis, both treated and untreated with 
ganciclovir, the trauma associated 
with the injections may have been a 
contributing factor in this case? A 
retinal break was identified well away 
from the injection site, in the posterior 
retina, at the junction of normal and 
scarred retina, making it unlikely that 
a needle directly damaged the retina. 
On the other hand, despite the use of 
sharp, 30-gauge needles, the globe is 
deformed and the pars plana and vit- 
reous base are violated during the in- 
jection procedure. Furthermore, re- 
peated injections may unfavorably 
alter the vitreous as well as possibly 
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exacerbate the degree of intraocular 
inflammation factors, which may ren- 
der the already fragile and partially 
scarred retina more susceptible to ret- 
inal break formation. 

Because of the limited treatment 
options available to patients with CMV 
retinitis, intravitreal therapy with 
ganciclovir is of potential value in 
many cases. A prospective, controlled 
multicenter clinical trial, now in de- 
velopment, should provide more infor- 
mation so that this form of treatment 
for CMV retinitis can more effectively 
be evaluated and compared with other 
treatment regimens available or cur- 
rently under study. 
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Neodymium-YAG Laser Goniotomy vs Surgical Goniotomy 


A Prelim nary Study in Paired Eyes 


Susan H. Senft, MD; Karim F. Tomey, MD; Carlo E. Traverso, MD 


® Goniotemy and trabeculotomy are 
two widely accepted modalities of treat- 
ment for primary congenital/infantile 
glaucoma. Both peocedures may be asso- 
ciated with complications. We treated 10 
patients with biateral, symmetrical con- 
genital /infemtile Glaucoma and clear cor- 
neas. One eye o each patient underwent 
surgical gosiotomy under general anes- 
thesia, and the other was treated by 
neodymium AG ‘taser goniotomy under 
oral chloral sydrate sedation (average en- 
ergy, 76.6 mJ). Mean pretreatment in- 
traocular pressuse in the surgical goniot- 
omy group was 22.4 mm Hg and in the la- 
ser goniotomy group it was 29.5 mm Hg, 
decreasing o 22.6 and 23.1 mm Hg, re- 
spectively, following treatment. There 
was astronc posite correlation (r = .81) 
between the percent of intraocular pres- 
sure change after aser treatment (mean, 
—14.4%) and thet after surgery (mean, 
—14.3%). Our preliminary results indicate 
that neodynmium-"AG laser goniotomy is 
an effective noninvasive alternative to 
surgical gonmotomy. 

(Arch Ophthalmol. 
1776) 
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P rimary nfantile glaucoma is a rel- 

atively -are cendition with an inci- 
dence notec in tae West of 1:10 000 live 
births'; 10% to 25% of cases are famil- 
ial, the remainder being sporadic.’ The 
inheritance pattern generally is be- 
lieved to be autasemal recessive. How- 
ever, some authers note an autosomal 
deminant transmission.’ The preva- 
lence of thesdisease in Saudi Arabia is 
quite different, with an estimated in- 
cidence of 1.250 ive births.* Reasons 
for this are not eampletely clear; how- 
ever, a high ncicence of consanguinity 
in the population® tends to result in an 
increased frequency of the autosomal 
recessive pattern of disease inherit- 
ance in general. 

Surgical weatment of primary con- 
genital or infamile glaucoma is well 
documented in -he literature and is 
widely accepted tə consist of trabecu- 
lotomy or gonio.emy.** Geniotomy is 
considered ky most glaucoma special- 
ists to be tae precedure of choice in 
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eyes where the cornea is clear enough 
to allow visualization of the anterior 
chamber angle by direct gonios- 
copy.** The angle may be incised us- 
ing either the classic Barkan blade’! 
or an irrigating needle knife.'* Today, 
goniotomy has been made easier and 
safer with the use of intracameral hy- 
aluronate sodium,'*’ but it is still not 
without complications, as in any other 
intraocular procedure." 

In an attempt to avoid intraopera- 
tive difficulties and complications, we 
have used the neodymium (Nd)-YAG 
laser to perform goniotomy on 10 eyes 
of 10 infants under sedation. Previous 
studies describe Nd-YAG laser goniot- 
omy in older individuals with favor- 
able results.” To the best of our 
knowledge, this has not been reported 
for infants. All of our patients had bi- 
lateral symmetrical disease. However, 
only one eye in each child was treated 
with the laser, while the contralateral 
eye had surgical goniotomy and was 
considered to be the “control” eye. 


PATIENTS AND METHODS 
Patient Selection 


Patients included in this study were chil- 
dren with congenital glaucoma who were 
younger than age 5 years. Diagnosis of con- 
genital glaucoma was established on the 
basis of intraocular pressure (IOP) eleva- 
tion above 23 mm Hg by applanation, en- 
largement in the horizontal corneal diame- 
ter beyond 12 mm, and typical optic nerve 
changes suggestive of glaucomatous cup- 
ping. 

A total of 10 patients with bilateral sym- 
metrical disease and clear corneas were se- 
lected for the study. Two patients had pre- 
vious bilateral surgical goniotomies; the 
remaining 8 children had received no sur- 
gical treatment prior to entry into the 
study. 

One eye of each patient was chosen for 
surgical or Nd-YAG laser treatment in a 
randomized, double-masked fashion. In- 
formed consent was obtained for both pro- 
cedures. 

Preoperative treatment included topical 
6-blocker eyedrops to both eyes and oral 
acetazolamide, plus prophylactic antibiotic 
drops and ointment. All data were analyzed 
using the paired t test. 


Procedure 


All IOP readings were obtained with the 
Perkins hand-held applanation tonometer 
(Clement Clarke, London, England), in a 
double-masked fashion, under comparable 
sedation levels for the two groups. While 


the exact dosage of chloral hydrate varied 
for each child, a near-anesthetic state was 
achieved, such that the patient was neither 
awake nor straining and squeezing the eye- 
lids at the time ofthe measurements. Angle 
structures were visualized prior to or at the 
time of goniotomy by either technique, and 
in all patients, an abnormal flat insertion of 
the iris root with prominent iris processes 
was noted. 


Surgical Goniotomy Technique 


All patients underwent a complete eye 
examination under general, endotracheal 
anesthesia. The eye chosen for surgery was 
then prepared as usual. The surgical proce- 
dure was performed by one surgeon 
(S.H.S.), using the same technique: the pa- 
tient’s head is rotated 30° to the contralat- 
eral side of the eye being operated on. A 
Worst spheromatic goniotomy lens (Med- 
ical Workshop, Vleuten, West Germany) is 
anchored to the episelera with 5-0 Mer- 
silene sutures (Ethicon Co, Edinburgh, 
Scotland) passed through special fixation 
holes (Fig 1). The anterior chamber is 
entered temporally 1 to 2 mm from the lim- 
bus using a No. 75 Beaver blade (Rudolph 
Beaver, Inc, Waltham, Mass). Aqueous is 
expressed and the pupil is constricted with 
intracameral acetylcholine. The anterior 
chamber is then deepened with hyaluronate 
sodium until the angle structures are 
clearly visualized. A disposable goniotomy 
knife is then intreduced through the same 
corneal incision and goniotomy is carried 
out in the area of Schlemm’s canal along 
120°. The entry mcision is closed with a 
single 10-0 monofilament nylon suture after 
evacuating the hyaluronate sodium by gen- 
tle irrigation with balanced salt solution, 
which also serves to re-form the anterior 
chamber. 


Laser Goniotomy Technique 


All patients underwent laser treatment 
shortly before or after surgical goniotomy 
during the same hospital stay or as outpa- 
tients. Laser treatment was performed by 
one surgeon (K.F.T.) using a standard tech- 
nique: sedation is achieved with oral chloral 
hydrate (100 mg/kg of body weight for the 
first 10 kg, and 50 mg/kg above 10 kg) given 
after at least 3 hours of fasting. If adequate 
sedation is not apparent within 30 minutes, 
an additional one half of the total dose of 
chloral hydrate is administered orally. A 
pediatrician is present throughout the pro- 
cedure for monitoring purposes. 

The sedated baby is then positioned on a 
special child restrainer and topical anes- 
thesia is instilled iato the eye to be treated. 
The lids are spread using a wire speculum. 
The patient is then carried with the re- 
strainer by an assistant and placed in a 
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Fig 1.—Worst spheromatic goniotomy lens 
anchored to episclera. 





Table 1.—Intraocular Pressure (IOP) 
Changes Following Surgical 
Goniotomy 







IOP, mm Hg 
e—a A a 

























Patient Before After 
No. Surgery Surgery A% * 
1 25 8 —68 
2 25 32 +28 
3 30 30 0 
4 35 11 —69 
5 30 15 —50 
6 32 24 =—25 
7 22 28 +27 
8 34 32 = 
9 28 30 +7 
10 23 26 = 
Mean + 28.4 + 23.6 + —14.3+ 
SD 4.6 9.0 36.9 





* The IOP change is expressed as a percentage of 


the initial IOP. Positive values denote an increase in 
IOP. 





Table 2.—Intraocular Pressure (IOP) 
Changes Following Laser Goniotomy 







IOP, mm Hg 
i, 

Before After 

Laser Laser A%* 






Patient 
No. 
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10 25 
Mean + 29.5+ 23.1+ —14.4+ 
SD 11.0 8.9 38.1 


*The IOP change is expressed as a percentage of 
the initial IOP. Positive values denote an increase in 
IOP. 
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Fig 2.—Patient positioning for neodymium-YAG goniotomy. 


horizontal position facing the laser ma- 
chine (the Topaz laser by Lasag, Thun, 
Switzerland, which has only the Q-switched 
fundamental mode, Fig 2). A special contact 
glass for angle treatment is used. The nasal 
quadrant is treated whenever possible, un- 
less positioning difficulties are encountered, 
in which case other quadrants are chosen. 
Treatment is delivered also in the region of 
Schlemm’s canal along 120° of the angle. 
The number of pulses per application and 
the energy level are adjusted differently in 
every patient to produce actual cutting at 
the angle, as evidenced by localized bleed- 
ing and/or posterior displacement of the 
iris root with every application. 

The same postoperative treatment is 
given to the eyes in each group; topical 
0.05% dexamethasone eye ointment, 8- 
blockers, and cycloplegics, plus oral aceta- 
zolamide (25 to 30 mg/kg of body weight). 
Patients are examined under chloral hy- 
drate sedation as outpatients at regular in- 
tervals following discharge from the hospi- 
tal, and treatment is adjusted accordingly, 
following the same regimen for the two 
eyes. 


RESULTS 


A total of 10 patients (20 eyes) were 
treated; 6 boys and 4 girls participated. 
The numerical values reported repre- 
sent the mean + 1 SD. Ages at the 
time of treatment ranged between 4 
days and 12 months, with a mean of 
5.7 + 3.9 months. Follow-up averaged 
9.5 + 4.8 months, with a range be- 
tween 2 and 15 months. 

The mean pretreatment IOP in the 
surgical group was 28.4 + 4.6 mm Hg 
(range, 22 to 35 mm Hg) (Table 1). In 
the laser group, the mean pretreat- 
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ment IOP was 29.5 + 11.0 mm Hg 
(range, 16 to55 mm Hg) (Table 2). The 
mean pressures following surgery and 
laser treatment were 23.6 + 9.0 mm 
Hg (range, 8 to 32 mm Hg) and 
23.1 + 8.9 (range, 7 to 32 mm Hg), re- 
spectively. This represents a percent 
change of IOP/initial IOP (A%) of 
—14.3% + 36.9% in the surgical group 
and —14.4% + 381% in the laser 
group (Fig 3). Statistically, there was 
a highly significant difference 
(P <.005) between preoperative and 
postoperative mean IOP for patients in 
the surgical and laser groups. 

In two patients in whom sedation 
was still adequate following the Nd- 
YAG procedure to permit applanation 
tonometry, the response after treat- 
ment was quite dramatic. The IOPs in 
millimeters of mercury immediately 
after the laser procedure changed 
from the mid-20s to below 10. In those 
patients in whom readings were ob- 
tained 24 hours following Nd-YAG la- 
ser goniotomy, no elevation of IOP was 
noted. 

Corneal diameters averaged 13.5 
mm horizontally for surgically treated 
eyes and 13.1 mm for laser-treated 
eyes, remaining stable throughout the 
study for both groups. The cup-dise 
ratio of surgically treated eyes aver- 
aged 0.53 and 0.51 for the patients in 
the Nd-YAG group before and after 
therapy over the period of follow-up. 

Total laser energy delivered in sin- 
gle or double bursts averaged 
76.6 + 44.1 mJ, usually administered 
at approximately 2.6 mJ per pulse. 
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Fig 3 —Correlatiom of percent intraocular 
pressure (IOP) change following laser treat- 
ment and following surgery. 
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Fig 4.—Correlation of intraocular pressure 
(IOP) between pretmatment end posttreat- 
ment. 


Eyes received an average of 29 pulses 
per eye (range, 4 to 61 pulses). 

Localized, self-limited intraocular 
hemorrhage was noted for both surgi- 
cal and laser procedures. No patient in 
the surgical group had a significant 
hyphema during tne procecure or post- 
operatively. Bleeding in the laser- 
treated eyes was observed occasionally 
and was always insignificant except in 
one patient who kad dispersion of red 
blood cells that resolved spontane- 
ously the fo. lowing day. Postoperative 
gonioscopy was pessible in 6 of 10 pa- 
tients who were examined 2 to 7.5 
months after treatment in both 
groups. Visible clefts were observed in 
corresponding areas of the angles 
treated. 

Previous surgical therapy was not 
foundto have a pregnostic influence on 
the outcome of the Nd-YAG laser ther- 
apy as evidenced by the clinical result 
in thetwo patients who hac undergone 
previous surgery. Detailed, accurate 
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assessment of visual function was not 
possible owing to the young ages of 
patients in the study (100% in this se- 
ries were younger than the age of 1 
year). 

Patients appeared to tolerate the 
Nd-YAG treatment quite well; pain 
was presumed to be felt momentarily 
when the laser application was closer 
to the iris root, as evidenced by slight 
squirming of the child. However, the 
effect of sedation seemed to provide 
sufficient analgesia. 


COMMENT 


Goniotomy has proved to be an ef- 
fective surgical procedure for the 
treatment of primary congenital or 
infantile glaucoma. Success rates of up 
to 94% have been reported with single 
or multiple procedures.*** However, 
like any other type of open eye surgery, 
goniotomy does carry certain risks, 
such as hemorrhage, infection, and in- 
jury to vital intraocular structures.” 
Moreover, the procedure by necessity 
must be carried out under general an- 
esthesia, which is an additional risk. 

With advancement in laser technol- 
ogy, many incisional intraocular pro- 
cedures can now be performed using 
the Nd-YAG laser.™*” Iridotomy is the 
best example.” Goniotomy can simi- 
larly be performed under optimal con- 
ditions without resorting to invasive 
surgery or subjecting the infant to 
general anesthesia. Absolute corneal 
clarity is not a prerequisite for Nd- 
YAG laser treatment of the angle; 
however, it is essential for surgical go- 
niotomy. Whereas the slightest cor- 
neal haze may interfere significantly 
with proper visualization of the angle 
during surgical goniotomy, laser treat- 
ment can still be delivered through 
relatively hazy corneas because of the 
more advantageous optical setup of a 





slit lamp compared with that of an op- 
erating microscepe. With the Nd-Y AG 
laser it is possible to perform iridoto- 
mies, for example, even through semi- 
opaque corneas.” 

Other potential advantages of laser 
goniotomy over surgery are the speed 
with which it can be done (a few min- 
utes on the average), the feasibility of 
treatment without general anesthesia, 
and the absence of other risks. Massive 
or expulsive hemerrhage, choroidal 
detachment, infection, and direct in- 
jury to vital stractures were not seen 
with laser goniotomy owing to a closed 
system and maintenance of a formed 


anterior chamber during treatment. 


Loss of the anterior chamber during 
surgical goniotomy is one of the main 
sources of difficulty and a significant 
risk factor, especially when hyalur- 
onate sodium is not available. 

Neodymium-YAG and ruby laser 
treatment of the anterior chamber an- 
gle has been described in enucleated 
human eyes,” in living animals,” 
and in patients with glaucoma.” 
Variable success rates have been re- 
ported in cases of primary open angle 
glaucoma and also in juvenile and de- 
velopmental glaucoma.**?! However, 
all patients described in the latter cat- 
egories were adcleseents or adults at 
the time of treatment. Therefore, the 
effectiveness of Nd-YAG laser goniot- 
omy for congenital glaucoma cannot be 
evaluated based on such studies; in the 
older patient, surgical goniotomy is 
known to be of little value.’ 

The present study was designed in 
such a way that eachof the 10 patients 
in the paired greun acted as his/her 
own control. Eyes undergoing surgical 
goniotomy served as yardsticks for 
success. It is of interest that the re- 
sponse to laser, im general, was paral- 
lel to the surgical! owtcome in the con- 
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tralateral eye: the conditions of pa- 
tients controlled by surgery were 
similarly (or sometimes even better) 
controlled by laser (Fig 4). Failure of 
goniotomy also tended to be symmet- 
rical. 

Success in our series was defined to 
be either an applanation tonometry 
reading of an IOP arbitrarily chosen to 
be equal to or less than 22 mm Hg ora 
A% greater than 25%. This was 
achieved in 4 of the surgically treated 
eyes and in 4 eyes of the laser group. 
However, additional antiglaucoma 
medications were needed in all except 
one patient. Failure to control IOP de- 
spite surgical/Nd-YAG treatment and 
medical therapy to a range below 22 
mm Hg occurred in 12 of 20 eyes. 

The significance of the corneal di- 
ameter values is to indicate the rela- 
tive symmetry of the disease process. 

The relative absence of intraocular 
hemorrhage noted in our series, both 
for surgical and Nd-YAG goniotomy, 
can be explained with respect to the 
effect of localized tamponade. Hyalur- 
onate sodium (Healon) serves to main- 
tain the anterior chamber during sur- 
gical goniotomy and additionally has 
some recognized anticoagulative 
properties.'*'’ The laser applications 
were performed in a closed-system 
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technique with a maintained anterior 
chamber throughout the duration of 
the procedure. On follow-up visits, the 
chamber remained deep and formed. 

The amount of laser energy used in 
our sample was highly variable and 
different from what has been de- 
scribed in other reports. Sedation was 
sometimes insufficient, despite supple- 
mentation, which led to undertreat- 
ment in certain patients. However, 
patients who received treatment to 
fewer quadrants and/or lower total 
energy did not necessarily respond less 
favorably. An apparent trend in this 
series of patients suggests that the 
magnitude of the decrease in IOP is 
inversely proportionate to the amount 
of laser energy used (Fig 5). 

Furthermore, successful treatment 
does not appear to be correlated to the 
postoperative gonioscopic appearance. 
It is possible, therefore, that only lo- 
calized angle “puncture” may be suffi- 
cient for adequate IOP control, and 
that the usual surgical goniotomy in- 
cision of 90° to 120° perhaps is an 
overtreatment. This hypothesis was 
suggested by the work of Krasnov” in 
1974 and verified recently. 

The overall success rate for goniot- 
omy of either type is lower than sta- 
tistics available in the literature; this 
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may be attributable to several factors. 
Our patients tend to present with early 
onset of disease that appears perhaps 
to be more severe, requiring multiple 
surgical interventions and maximal 
medical therapy. However. the impor- 
tant observation in these patients is 
that surgical and Nd-YAG goniotomy 
appear to be equally efficacious in 
those instances where goniotomy 
would satisfactorily decrease the IOP. 

In summary, Nd-YAG goniotomy 
administered under sedation appears 
to afford a viable, noninvasive alter- 
native to hospitalization costs and an- 
esthetic and intraoperative risks in the 
treatment of patients with congenital 
glaucoma. This preliminary study, in 
paired eyes, demonstrates statistically 
similar results when the two proce- 
dures are compared for effectiveness. 
However, although the sample size of 
this pilot study is limited, the proce- 
dure merits continued follow-up witha 
larger series of patients. 
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The Effects of Apraclonidine on 


Conjunctival Oxygen Tension 


Christian L. Serdahl, MD; Jane Galustian, MD; Richard A. Lewis, MD 


@ A prospective, randomized study 
evaluated the effects of unilateral, topical 
7% apraclonidine hydrochloride on con- 
junctival oxygen tension in 10 normal vol- 
unteers using a conjunctival oxygen mon- 
itor. Conjunctival oxygen tension and in- 
traocular pressure were measured prior to 
instillation of apraclonidine, then at 1, 3, 
and 5 hours. Apraclonidine was found to 
significantly decrease conjunctival oxy- 
gen tension 76% at 1 hour compared with 
baseline values. At 3 hours conjunctival 
oxygen tension was decreased to 56% 
and at 5 hours to 10% of baseline. Intraoc- 
ular pressure was lowered maximally at 3 
hours to 40% of baseline measurements in 
the treated eye. The contralateral eye had 
a small decrease in conjunctival oxygen 
tension and intraocular pressure that was 
not statistically significant. Lid retraction 
and cenjunctival blanching were noted to 
occur maximally between 1 and 3 hours. 
Further study is needed to determine if the 
apracilonidine-induced conjunctival hy- 
poxia noted in this study has clinical sig- 
nificance for ocular blood flow, particu- 
larly in patients with glaucoma. 

(Arch Ophthalmol. 1989;107:1777- 
1779) 


Apracionidine hydrochloride (p-ami- 

noclonidine, Iopidine | Alcon, Fort 
Worth, Tex!), a clonidine derivative, is 
an a-agonist approved for topical use 
prior to laser iridotomy and laser tra- 
beculeplasty to prevent postoperative 
rise in intraocular pressure (IOP). 
When placed in the normal eye, 1% 
apracionidine reduces IOP by up to 
40%. The mechanism by which this 
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occurs is not precisely known although 
aqueous production is decreased 
through a,-receptor agonist activity.*’ 
Episcleral venous pressure and blood 
flow to the ciliary body are also mark- 
edly decreased by clonidine.’ Apra- 
clonidine is currently undergoing eval- 
uation for the long-term treatment of 
open angle glaucoma. 

Several side effects have been noted 
with apraclonidine, including lid re- 
traction, mydriasis, conjunctival 
blanching, and allergic reactions. Of 
particular concern is the conjunctival 
blanching that occurs almost immedi- 
ately after topical administration. 
This vasoconstriction is probably me- 
diated by the a-adrenergic effects of 
the drug. In this study, conjunctival 
oxygen tension (CjO,) was quantified 
using a conjunctival oxygen meter re- 
cently developed for experimental use 
in intensive care settings.”'! The pur- 
pose of this study was to measure the 
effect of apraclonidine on conjunctival 
oxygen levels. 


SUBJECTS AND METHODS 


Ten normal volunteers were recruited. 
The subjects included five men and five 
women ranging in age from 25 to 50 years 
(mean, 30.8 years). The subjects were pre- 
dominantly white but also included two 
Asians. Subjects were excluded if they had 
undergone previous intraocular or laser 
surgery, worn contact lenses within 2 days 
before starting the study, had evidence of a 
current eye infection, or had taken any 
medications or over-the-counter cold reme- 
dies containing a-agonists within 2 weeks 
of the study. Informed consent was ob- 
tained from each volunteer prior to the 
study. 

The conjunctival oxygen meter has been 
described previously.*"® Prior to each mea- 
surement, the conjunctival electrodes were 
soaked for at least 1 hour in sterile balanced 
saline solution, and the monitor was cali- 
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brated in a standard fashion. One drop of 
topical anesthetic (oroparacaine hydro- 
chloride) was then instilled into each eye. 
The electrode was immediately positioned 
in the fornices, and the subject was in- 
structed to keep the eye closed. The CjO, 
monitor (Biomedical Sensors, Kansas City, 
Mo) utilizes a digital display allowing for 
continuous measurement. Measurements 
were recorded after 30 seconds of stable 
readings, and the electrode was removed 
and placed in sterile saline. The CjO, of the 
fellow eye was then measured in a similar 
fashion. Intraocular pressure was recorded 
after measurement o CjO,. After control 
values were obtained for each eye (time 0), 
one drop of 1% apraclonidine hydrochloride 
was randomly placed in either the right or 
left eye. The contralateral eye received only 
the anesthetic. The observer was masked as 
to which eye received the medication. Mea- 
surements were recorded at intervals of 1, 
3, and 5 hours. Immediately before each 
measurement, observations were made re- 
garding conjunctival hyperemia and lid re- 
traction. 

The measurements of CjO, for each time 
point were obtained by averaging the values 
for all 10 subjects for the treated and 
untreated eyes. Base ine values for CjO, 
and IOP were those values obtained for 
each eye at time 0. The average values for 
CjO, and IOP at 1, 3, and 5 hours for the 
treated and untreated eyes were then com- 
pared with baseline values. Data were ana- 
lyzed, and statistical significance was de- 
termined using a ene-way analysis of vari- 
ance and a Duncan Maltiple-Range Test. 


RESULTS 


The mean CjO, values obtained at 
each time point are summarized for 
the treated and untreated eyes in Ta- 
ble 1. All subjects Cemonstrated con- 
junctival hypoxia in the apracloni- 
dine-treated eye. A maximal decrease 
of 76% was noted at 1 hour (P < .001). 
At 3 hours, all subjects showed a de- 
crease in CjO, in the treated eye, with 
an average decrease of 56% when com- 


1777 








Table 1.—Mean Conjunctival Oxygen 
Tension (CjO,) Measurements for 
Treated and Untreated Eyes 












Mean + SD CjO., mm Hg (P)* 

————__—__-- rr 

Time, h Treated Eye Fellow Eye 
0 SF 34 49 + 11 

1 13 + 9(<.001) 44+ 12 (NS) 

23 + 13(<.001) 42 + 15 (NS) 

42 + 14 (NS) 47 + 11 (NS) 


*NS indicates not significant. 





















Table 2.—Mean Intraocular Pressure 
(IOP) Measurements for Treated and 
Untreated Eyes 


Mean + SD IOP, mm Hg (P) 
KP 
Treated Eye Fellow Eye 


15.9 + 2.0 15.3 + 2.0 

12.1 + 3.4(<.05) 14.4 + 3.1(>.05) 
9.5 + 2.8(<.001) 13.6 + 3.1 (<.05) 
9.9 + 4.1(<.001) 13.1 + 4.1 (<.05) 


Time, h 





pared with baseline values (P < .001). 
At 5 hours CjO, was decreased to 9.6% 
of baseline levels; however, this differ- 
ence was not statistically significant. 
Figure 1 is a graph of the percent de- 
crease from baseline of CjO, time. A 
small decrease was noted in the un- 
treated control eye compared with 
baseline but was not statistically sig- 
nificant at any time interval. 

The mean IOPs at each time point 
are summarized in Table 2. The mean 
IOPs decreased in both the treated and 
untreated eyes at each time interval. 
Of the 10 subjects, 8 showed a decrease 
in IOP, with an average decrease at 1 
hour of 24% (P < .05) in the treated 
eye (compared with 5.2% in the un- 
treated eye). At 3 hours, IOP decreased 
an average of 40% (P<.001) com- 
pared with 11.3% in the untreated eye. 
At 5 hours, IOP in the treated eyes de- 
creased to 38% of control values 
(P < .001) compared with 15.9% in the 
untreated eye. Figure 2 is a graph of 
the percent decrease from baseline of 
IOP. 

Conjunctival blanching and lid re- 
traction were noted to occur maxi- 
mally between 1 and 3 hours. Conjunc- 
tival blanching was noted to occur in 
all 10 volunteers and lid retraction oc- 
curred in 8 of the 10 volunteers. Both 
conjunctival blanching and lid retrac- 
tion were much less pronounced at 5 
hours after administration of apra- 
clonidine. 


COMMENT 


Conjunctival oxygenation is a mea- 
sure of tissue oxygen concentration. A 
steady-state value is a balance be- 
tween oxygen availability and tissue 
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Fig 1.—Percent decrease in conjunctival oxygen tension (CjO.) vs time. 
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Fig 2.—Percent decrease in intraocular pressure (IOP) vs time. 


consumption. Normal tissue oxygen 
levels are approximately 50% of arte- 
rial Po.. In the patient in hemody- 
namically stable condition, tissue Po, 
will reflect arterial Po, with a high 
correlation. Hypotension, hypother- 
mia, and anemia are all factors that 
may affect tissue Po,. Investigators 
have previously reported a decrease in 
CjO, with advancing age" in patients 
with proliferative diabetic retinop- 
athy” and after topical administration 
of phenylephrine hydrochloride.” To 
our knowledge, this is the first clinical 
study evaluating the effects of apra- 
clonidine on CjO.. 

Baseline values for CjO, obtained 


from young, normal volunteers in this 
experiment are in close agreement 
with those obtained previously by 
other investigators.'*!? The large SD 
noted in this and previous studies ap- 
pears to be secondary to interpersonal 
differences in arterial oxygen tensions. 
Despite this and the small study group, 
all subjects developed statistically sig- 
nificant conjunctival hypoxia after 
apraclonidine instillation. 

The pharmacologic effect of topical 
apraclonidine is mediated through a- 
adrenergic receptors. Our data show 
that clinically apparent vasoconstric- 
tion and conjunctival blanching are 
associated with conjunctival hypoxia, 
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with a reluction of CjO, to 76% of 
baseline values at 1 hour. Phenyleph- 
rine has »een shown to reduce CjO, 
46% at 16 minutes and return to base- 
line levels after 80 minutes.” In our 
study, CjC, returned to baseline levels 
5 hours after administration of apra- 
clonidine. 

Intraocelar pressure was decreased 
40% in comparison with baseline lev- 
els in the treated eye. The untreated 
fellaw eye was also noted to have a 
small but significant decrease in IOP 
at 3 and 5 hours. This finding is in close 
agreemen? with prior studies with 
apracloniGine and clonidine.*° 

The reletionskip of CjO, to IOP is 
not clear. The results of our study show 
an almest immeeiate decrease in CjO, 
followed bz a decrease in the IOP. This 
was evidert in al. 10 eyes studied. One 
explanaticm fortis apparent lag time 


1. Rebin Au, Pollack IP, House B, Enger C. Ef- 
fects of ALO 7145 0n mtraocular pressure follow- 
ing argon lase trabeculoplasty. Arch Ophth almol. 
1987;105:646-650. 

2. Robin AL, Pollacx IP, deFaller JM. Effects of 
topical ALO 2145 (»-aminoclonidine hydrochlo- 
ride) on the scute intraocular pressure rise fol- 
lowing argon laser iridotomy. Arch Ophthalmol. 
1987-105: 1208-4211. 

3. Brown FH, Stewart RH, Lynch MG, et al. 
ALO 2345 red.ces the ntraocular pressure eleva- 
tion after anwerior segment laser surgery. Oph- 
thalmology. 1788;95:373-384. 

4. Robin Au. Short-term effects of unilateral 
1% apraclondine therapy. Arch Ophthalmol. 
1988;106:99 2-15. 

5. Mbrams JA, Rebin AL, Pollack IP, deFaller 


is that for apraclonidine to exert its 
effects on the ciliary body, it must first 
penetrate the eye. Conjunctival blood 
flow would be decreased almost imme- 
diately after application since the drug 
would have no ocular barriers. 

Our study shows that topical 1% 
apraclonidine results in a relative con- 
junctival hypoxia that lasts up to 5 
hours. The long-term effect of topical 
treatment with apraclonidine on con- 
junctival oxygenation is unknown. Ex- 
trapolation of these results to older 
patients and to patients of mixed eth- 
nic origins is unclear. Further study is 
needed to determine if there is a de- 
creased hypoxia with long-term usage. 
Patients who theoretically could be 
affected by conjunctival hypoxia in- 
duced by apraclonidine are those with 
sickle cell disease, extended-wear con- 
tact lens users, or those patients with 


References 


JM, DeSantis L. The safety and efficacy of topical 
1% ALO 2145 (p-aminoclonidine hydrochloride) 
in normal volunteers. Arch Ophthalmol. 1987; 
105:1205-1207. 

6. Lee DA, Topper JE, Brubaker RF. Effect of 
clonidine on aqueous humor flow in normal hu- 
man eyes. Exp Eye Res. 1984;38:239-246. 

7. Gharagozloo AZ, Relf SJ, Brubaker RF. 
Aqueous flow is reduced by the alpha-2 adrener- 
gic agonist, apraclonidine (ALO 2145). Ophthal- 
mology. 1988;95:1217-1220. 

8 Innemee HC, van Zweiten PA. The distribu- 
tion in the eye and the effect on intraocular pres- 
sure of clonidine. Graefes Arch Clin Exp Ophthal- 
mol. 1979;209:189-198. 

9. Fink S, Ray CW, McCartney S, Ehrlich H, 
Shoemaker W. Oxygen transport and utilization 


Currently in Other AMA Journals 


compromised ocular blood flow to the 
anterior or posterior segment, includ- 
ing diabetics.” It is also possible that 
the relative hypoxia induced by this 
drug may have adverse effects on 
wound healing after anterior segment 
surgery, especially glaucoma filtering 
surgery. The results of our study sug- 
gest that further investigation is war- 
ranted to ascertain whether such pa- 
tients would be affected by long-term, 
topical use of apraeclonidine. Further- 
more, this model may be useful in fur- 
thering our understanding of the ef- 
fects of adrenergic drugs on the eye. 
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The Relationship of Retinal Microaneurysm Counts 


to the 4-Year Progression of Diabetic Retinopathy 


Ronald Klein, MD, MPH; Stacy M. Meuer; Scot E. Moss, MA; Barbara E. K. Klein, MD, MPH 


@ The relationship of retinal microaneu- 
rysms to the progression of diabetic retin- 
opathy over a 4-year period was examined 
in a population-based sample of diabetic 
persons. The number of microaneurysms 
in color stereoscopic fundus photographs 
of seven standard fields was counted in 
the eyes of diabetic persons (n = 236) 
who had only microaneurysms in photo- 
graphs at the baseline examination. If only 
one eye was involved (n = 121), the mean 
number of microaneurysms was 2.3; with 
bilateral involvement (n = 115), the mean 
was 9.3 in the more involved eye. The 
number of microaneurysms at the baseline 
examination was positively associated 
with significant progression of retinopa- 
thy. This relationship remained after con- 
trolling for the level of glycosylated hemo- 
globin. These data suggest that the num- 
ber of microaneurysms at baseline is an 
important predictor of progression of dia- 
betic retinopathy. Microaneurysm counts 
may prove to be a useful early end point in 
Clinical trials. 

(Arch Ophthalmol. 
1785) 
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Fppidemiological studies and clinical 

trials have used photographic doc- 
umentation of diabetic retinopathy 
and photographic standards for grad- 
ing the severity of retinal lesions." 
This permits the use of a reliable 
method for assigning the severity of 
retinopathy, minimizes observer bias 
by masking the grader with respect to 
patient characteristics and treat- 
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ments, allows detection of early le- 
sions, permits monitoring of quality 
control of the documentation, and can 
be used for comparisons between ex- 
aminations. One system, the Wiscon- 
sin “191” system, has been used to de- 
fine various degrees of severity, from 
the absence of retinopathy to severe 
proliferative retinopathy.** Increasing 
levels of severity have been shown to 
be predictive of progression to prolif- 
erative disease and significant visual 
loss.°°:!° 

Less certainty exists about the rela- 
tionship of early retinal lesions in pre- 
dicting the progression of retinopathy. 
Measurements of physiologic function 
of the retina, such as fluorescein 
leakage! and macular recovery 
time," have been proposed as sensi- 
tive indicators of very early change, 
prior to the appearance of the first 
retinal microaneurysm. However, 
there are few data available suggest- 
ing that any of these characteristics, 
when abnormal prior to the appear- 
ance of retinal microaneurysms, are 
associated with significant progres- 
sion of retinopathy or loss of vision in 
eyes of diabetic persons. 

The change in the number of retinal 
microaneurysms, in the absence of the 
appearance of other lesions character- 
istic of diabetic retinopathy, has also 
been used as a measure of progression 
in clinical studies.'*'’ However, there is 
limited evidence that the number of 
microaneurysms is a valid predictor of 
significant progression. 

The purpose of this report is to 
describe the relationship of retinal 
microaneurysms to the progression of 
diabetic retinopathy over a 4-year pe- 
riod in a population of diabetic persons 
in southern Wisconsin. 
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PATIENTS AND METHODS 


The population has been described in de- 
tail in previous reports.**!'*” A popula- 
tion-based sample of 2990 persons was se- 
lected for examination. The sample was 
composed of two groups. The first group 
consisted of all patients diagnosed as hav- 
ing diabetes before the age of 30 years and 
taking insulin (n = 1210); this group will be 
referred to as “younger onset.” The second 
group consisted of a probability sample of 
patients diagnosed at 30 years of age or 
older. They had their diagnosis confirmed 
by arandom or postprandial serum glucose 
level of at least 11.1 mmol/L, or a fasting 
serum glucose level of at least 7.8 mmol/L 
on at least two occasions (n = 1780); this 
group will be referred to as “older onset.” 
Of the older onset group, 824 were taking 
insulin and 956 were not. 

Baseline (1980-1982) and follow-up (1984- 
1986) examinations were conducted using 
standardized protocols. Pertinent parts of 
the ocular and physical examination in- 
cluded measuring blood pressure’*; dilating 
the pupils; administering a medical history 
questionnaire; taking stereoscopic color 
fundus photographs of seven standard 
fields and a nonstereoscopic red reflex pho- 
tograph for each eye; and determining gly- 
cosylated hemoglobin values." 

To determine retinopathy status at both 
the baseline and follow-up examinations, 
all fundus photographs were graded using a 
modification of the Airlie House Classifica- 
tion scheme that specified the following 
levels of retinopathy for each eye®*: 


Level 10: No retinopathy 

Level 15: Blot hemorrhages or soft ex- 
udates only; no microaneu- 
rysms 

Level 20: | Microaneurysms only 

Level 31: | Microaneurysms and one or 


more of the following: reti- 
nal hemorrhage, but total of 
hemorrhages and microan- 
eurysms less than those in 
standard photograph No. 
2A’; hard exudates; soft exu- 
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daæs questionably present; 
intraretinal microvascular 
abzormalities questionably 


present; venous beading 
questionably present; ve- 
noms loops definitely present 


Mi roaneurysms and one or 
more of the following: soft 
exudates definitely present; 
intraretinal microvascular 
abrormalities definitely 
present but less than that 
necessary for level 51 


Mieroaneurysms and one or 
more of the following: 
verous beading definitely 
present; hemorrhages and 
mieroaneurysms equaling or 
exceeding those in standard 
phetograph No. 2A,' or in- 
traretinal microvascular ab- 
normalities present in fields 
4 through 7 and equaling or 
exceeding those in standard 
phetograph No. 8A' in at 
leat two fields 


An> of several levels of se- 
verity of proliferative retin- 
opahy, including eyes with 
neorascularization; fibrous 
proaferations; vitreous hem- 
orr_age and preretinal hem- 
orruage; scars of scatter 
panretinal photocoagula- 
tior. and/or retinopathy un- 
gra lable because of vitreous 
hemorrhage obscuring the 
retina; phthisis bulbi; or 
enucleation secondary to a 
complication of diabetic 
retinopathy 


Level 41: 


Lewel 51: 


Level 60+: 


In the analyses eyes that could not be 
graded for the level of retinopathy because 
of oparities in the media or enucleation not 
related to diabetiz retinopathy were de- 
fined as “cannot grade.” 

Levels of retincoathy for a participant 
were derived by giving greater weight to the 
eye with the highe level. Participants in a 
given level were dwided into two groups— 
those with the same level in each eye and 
those with a lesser level in one eye. For ex- 
ample: a participaat with level 31 retinop- 
athy ineach eye is lassified by the notation 
“level 31/31.” This scheme provided a 13- 
step seale (10/10, 15/<15, 15/15, 20/<20, 
20720, 31/<31, 31731, 41/<41, 41/41, 51/ 
<51, 51/51, 60+/<80+, 60+/60+). For pur- 
poses of classification, if the severity of 
retinopathy eould uot be graded in one eye, 
the participant was considered to have the 
leve! of the fellow 2ye in both eyes. 

Macular edema was defined as thickening 
of the retina with ar without partial loss of 
transparency withm 1 diameter of the optic 
disc (about 1.5 mna from the center of the 
macula! Clinically significant macular 
edema, basedon the detailed gradings, was 
defined as the pre ence of any one of the 
following: thickening of the retina located 
500 um or less from the center of the mac- 
ula; hard exudates with thickening of the 
adjacent retina 5© um or less from the 
center of the macula; or a zone of retinal 
thickening 1 disc area or larger in size, lo- 
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cated within 1 disc diameter of the center of 
the macula.’ 

For purposes of this study, only partici- 
pants in both the baseline and follow-up 
examinations who had retinal microaneu- 
rysms alone in one eye (level 20/<20, 
n = 121) or both eyes (level 20/20, n = 115) 
present at baseline were included. One hun- 
dred forty (59.3% ) of the 236 people were in 
the younger onset group, 46 (19.5% ) were in 
the older onset group taking insulin, and 50 
(21.2% ) were in the older onset group not 
taking insulin. 

A grid was made consisting of three con- 
centric circles of radii 500, 1500, and 3000 
um, respectively, with the macula at its 
center and further subdivided by four ra- 
dial lines extending outward from the in- 
nermost circle in the 1:30, 4:30, 7:30, and 
10:30 meridians. This was superimposed 
over one (usually the left) of the pair of ste- 
reoscopic photographs of field 2 (Fig 1). The 
grid defined nine subfields of field 2 for ease 
in counting. For each eye, the grid was 
placed in a similar location on the corre- 
sponding photograph taken at the baseline 
and the 4-year follow-up examination. For 
analysis, the number of microaneurysms in 
all subfields was combined. 

The grading was done by one grader over 
the course of 4 months. The grader counted 
all retinal microaneurysms in each subfield 
and outside the grid for field 2, and the 
number of microaneurysms in fields 1 and 3 
through 7. The location of the microaneu- 
rysm was assigned to the field in which it 
was first encountered in photographs taken 
at baseline. Microaneurysms appearing in 
locations where two photographic fields 
overlapped were counted only once and as- 
signed to the first field graded. The order of 
the grading was as follows: the central sub- 
field, the four inner subfields (superior, na- 
sal, inferior, and temporal), and four outer 
subfields. After grading outside the grid in 
field 2, fields 1, 3, 4, 5, 6, and 7 were graded. 
When grading photographs from the fol- 
low-up examination, all the microaneu- 
rysms in each of the subfields and outside 
the grid in field 2 were counted. A maximum 
of 11 microaneurysms were counted in 
fields 1 and 3 through 7, in the same order 
as described above. Counting was truncated 
at 60 for each eye. 

The current age was defined as the age at 
the time of the baseline examination. Du- 
ration of diabetes was the time interval be- 
tween diagnosis of diabetes and the base- 
line examination. 

The database software system Wisconsin 
Storage and Retrieval (University of Wis- 
consin, Madison) was used for processing 
participant records.” Statistical Analysis 
System (Statistical Analysis System Insti- 
tute, Cary, NC) was used for calculating 
Spearman Correlation Coefficients and for 
developing logistic regression models.” 
Tests for trends in proportions were per- 
formed using methods described by 
Armitage” and Mantel and Haenszel.” 


RESULTS 


To assess the variability of the grad- 
ing of microaneurysms, the Fundus 
Photograph Reading Center, Madison, 





Fig 1.—Grid used to define nine subfields of 
field 2. 


Wis, performed masked duplicate 
gradings of a sample of 100 right eyes. 
These photographs were drawn from 
another study. Microaneurysms were 
counted. There was exact agreement 
56% of the time; 32% of the time, 
counts were within one step of the 
classification used. Disagreements re- 
garding the presence of any microan- 
eurysms occurred in most cases be- 
cause one grader found one microan- 
eurysm while the ether found none. 
(Matthew D. Davis, MD, written com- 
munication, April 5 1989). 

The frequency distribution curves 
for retinal microaneurysm counts at 
the time of the baseline examination 
are presented in Fig. In persons with 
unilateral involvement, the mean 
number of retina] microaneurysms 
found at the time of the baseline ex- 
amination was 23 (SD = 2.0), and the 
range was from 1 to 13 microaneu- 
rysms. Persons with bilateral involve- 
ment (level 20/20) had significantly 
more (P <.001) retinal microaneu- 
rysms (mean = 9.3; 5D = 8.3; range, 1 
to 43 in the more involved eye, and 
mean = 5.7; SD = 6£; range, 1 to 34 in 
the less involved eye) than those with 
unilateral involvement. The number of 
microaneurysms in persons with bilat- 
eral involvement was highly corre- 
lated between eyes (r = .67, P < .0001). 

The relationship between the num- 
ber of retinal microaneurysms at the 
baseline and at the follow-up exami- 
nations is presentec in Table 1. The 
number of microareurysms at the 
baseline examination was signifi- 
cantly correlated wich the number at 
the follow-up exantination (eyes in 
persons with unilateral involvement, 
r = .20, P = .03; and for the more in- 
volved eye in those with bilateral in- 
volvement, 7 = .38, P < .0001). Eyes of 
persons with bilateral involvement 
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were more likely to have more mi- 
croaneurysms at the 4-year follow-up 
examination (80%) than those with 
unilateral involvement (68%, P < .05), 
while eyes of those with unilateral in- 
volvement at baseline were more likely 
to have fewer microaneurysms present 
at follow-up (24%) than eyes of per- 
sons with bilateral involvement (19%, 
P = .39). All eyes with four or more 
microaneurysms present at the base- 
line examination had at least one mi- 
croaneurysm at the 4-year follow-up 
examination (Table 1). 

The location of retinal microaneu- 
rysms at the baseline examination is 
presented in Table 2. For these and 
other analyses to follow, we used the 
eye with more microaneurysms 
present. When only one microaneu- 
rysm was found in an eye of persons 
with unilateral involvement, it was 
found, 47.4% of the time, in field 2. As 
the number of microaneurysms in- 
creased in persons with bilateral in- 
volvement, there was a significant 
trend (P < .0001) for microaneurysms 
to be distributed outside of field 2. 

The relationship of the number of 
retinal microaneurysms at the base- 
line examination to the progression of 
retinopathy to level 41 or worse at the 
follow-up examination is presented in 
Table 3. The aim of this research effort 
was to evaluate the importance of the 
number of retinal microaneurysms at 
baseline to the risk of progression of 
diabetic retinopathy. A clinically im- 
portant level of severity of diabetic 
retinopathy is defined by level 41, mod- 
erate nonproliferative retinopathy. 
From this level the risk of subsequent 
development of proliferative ret- 
inopathy*”° or clinically significant 
macular edema” is appreciable. There- 
fore, we evaluated the risk of progres- 
sion to level 41 at follow-up with re- 
spect to the number of microaneu- 
rysms at baseline. In eyes of persons 
with unilateral involvement, no trend 
was apparent. However, in eyes of 
persons with bilateral involvement, a 
significant trend (P < .04) was present 
between progression of retinopathy 
and number of microaneurysms at the 
baseline examination. The relative 
risk for the progression to level 41 or 
worse for eyes with a total of four or 
more retinal microaneurysms at the 
baseline examination was 2.0 (95% 
confidence interval [CI]: 1.2, 3.4) com- 
pared with eyes with fewer than four 
microaneurysms. Similarly, eyes with 
a total of four or more microaneu- 
rysms in photographs from the base- 
line examination were more likely to 
progress to proliferative retinopathy 
(relative risk [RR] = 4.9, 95% CI: 0.6, 
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Fig 2.—Frequency distributions for retinal microaneurysm counts at the baseline examination 
(1980-1982) for persons with unilateral involvement and those with bilateral involvement (more in- 


volved eye). 


43.6) than eyes with fewer microaneu- 
rysms, although the association was 
not statistically significant. 

The ratio of the total number of ret- 
inal microaneurysms at the follow-up 
to the total at the baseline examina- 
tion was calculated. This ratio was 
significantly associated with the pro- 
gression of retinopathy in an eye to 
level 41 or worse at the follow-up 
examination (Table 4). All eyes that 
developed either clinically significant 
macular edema or proliferative retin- 
opathy had a ratio of 3 or greater. The 
ratio of microaneurysms at follow-up 
to those at baseline was associated 
with progression of retinopathy to 
level 41 or worse in eyes with both 
three or fewer and four or more mi- 
croaneurysms at baseline (Table 5). 

To evaluate the relative influence of 
several variables on progression of an 
eye to level 41 or worse, logistic regres- 
sion analyses were performed. Vari- 
ables that were entered in all the mod- 
els were age, sex, age at the time of 
diagnosis, duration of diabetes, glyco- 
sylated hemoglobin level, systolic and 
diastolic blood pressures, body mass 
index, absence or presence of protein- 
uria, type of diabetes (younger or 
older onset), presence of microaneu- 
rysms in one or both eyes at the base- 
line examination, the number of mi- 
croaneurysms present in the worse eye 
at the baseline examination, and the 
ratio of microaneurysms at the follow- 
up visit to the number at baseline in 
the worse eye. Several variables 
emerged as being significantly associ- 
ated with progression of retinopathy 
in the more involved eye to level 41 or 
worse at the follow-up examination. 
They were as follows: the ratio of mi- 
croaneurysms, higher glycosylated he- 
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moglobin level at the baseline exami- 
nation, male sex, and more retinal mi- 
croaneurysms at the baseline 
examination (Table 6). The amount of 
the log-likelihood explained by the 
model (entropy) was 21.9%. Logistic 
regression analysis was repeated only 
in the older onset group. Using or not 
using insulin was substituted for type 
of diabetes in the regression model. 
The ratio of microaneurysms and more 
retinal microaneurysms at the base- 
line examination was significantly as- 
sociated with progression of retinopa- 
thy, independent of use of insulin in 
the older onset group. 

Similar analyses were performed 
combining the total number of retinal 
microaneurysms in persons who had 
either unilateral or bilateral involve- 
ment. Progression was defined as de- 
veloping level 41/<41 or worse by the 
time of the follow-up examination. The 
total number of microaneurysms at 
baseline and tripling in the ratio were 
significantly associated with progres- 
sion (data not shown). 


COMMENT 


The findings of this study suggest 
that the number of retinal microaneu- 
rysms, as counted in stereoscopic color 
fundus photographs, is a significant 
and independent predictor of the pro- 
gression of diabetic retinopathy dur- 
ing a 4-year interval. These findings 
were independent of level of glycemia 
or type of diabetes at baseline. Eyes 
with four or more retinal microaneu- 
rysms at the baseline examination 
were twice as likely to progress by two 
or more levels compared with those 
with fewer microaneurysms. These 
findings are consistent with cross-sec- 
tional data of others*!525 who found a 
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Table 1.—The Relationship of Microaneurysms at the Baseline and 4-Year Follow-up Examinations 


No. of Increase Decrease 
Microaneurysms No. of Microaneurysms at the Follow-up Examination by One by One 
at the [n or More or More 
> Ocular Baseline Microaneurysms, Microaneurysms, 


Involvement Examination (0) 
Unilateral 


~N 
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No. of 
Microaneurysms 
at the No. 
Ocular Baseline of 
involvement Examination Eyes 

Unilateral ; 7.0 47.4 

y 4.7 50.0 

3.7 29.6 

7.4 44.4 

2.2 58.7 

5.5 47.3 

Test for trend P=. 

Bitateral (worseye) 1 28.6 85.7 

10.0 43.3 

12.1 48.5 

8.9 46.7 

1.0 40.4 
98 46.8 3.5 
64 8388 14,3 
5.6 29.7 7.9 
6.8 36.4 8.9 
Test for trend P < .0001 

~ * All field values are percentages. CC indicates center circle; OG, outside grid. 

significant correlation between the to- those with fewer than four microan- 
tal number of netinal microaneurysms — eurysms and those with four or more, 
eounted influorescein angiograms and may be a reasonable way to extend the 
the severity o: retinopathy as deter- “191” scale for measuring earlier 
mined by grading color fundus photo- changes of diabetic retinopathy. This 
graphs using tae Wisconsin “191” sys- may have practical value in designing 
tem. In the Diabetes Control and clinical trials for diabetic people who 
Cemplications Trial, retinal micro- have no retinopathy or fewer than four 
aneurysm counts in seven standard microaneurysms in either eye at entry. 
fields were directly correlated with the The ratio of microaneurysms in pho- 
severity ofretinopathy.* Thisfindingis tographs taken at follow-up to those 
not unexpected, as more retinal mi- seen in photographs from the baseline 
eroaneurysms suggest more severe in- examination by definition includes an 
> ~ yolvement of he retinal vasculature outcome event. This cannot then be 
by the diabetie process. construed as being biologically “inde- 


Dividing level 20 into two groups, pendent” of the severity level of dia- 
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10-19 20+ Total % 


70.2 

65.6 

66.7 

61.1 

4 100.0 

120° 68.3 
Test for trend P = .82 

6 50.0 

15 86.7 

10 60.0 

10 100.0 

16 87.5 

20 75.0 

18 72.2 

18 77.8 

113° 79.6 
Test for trend P = .96 





betic retinopathy at that examination. 
This is despite the fact that level 41 
does not require a specific lower limit 
of microaneurysms as part of its 
definition.'* Moreover, if a grader is 
counting microaneurysms in photo- 
graphs taken at the follow-up exami- 
nation, he or she can directly estimate 
the severity of diabetic retinopathy 
using the traditional scale. This might 
lead to a possible bias in detection of 
the number of microaneurysms 
present. However, the ratio does sug- 
gest that increased number of mi- 
croaneurysms is a risk indicator of the 
presence of more severe lesions. This is 
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Table 3.—Relationship of Number of Microaneurysms in the Worse Eye at the Baseline 
Examination to Progression of Retinopathy, Progression to Proliferative Retinopathy, or 
Development of Clinically Significant Macular Edema 


No. of 
Microaneurysms 


Ocular 
Involvement 
Unilateral 


Bilateral 


4-5 
6-10 

TIT 
Total 


Unilateral and bilateral 


No. at 


Follow-up Status * 
a 
Level 41 
or Worse 


1.4 (0.6,3.4) 
0.8 (0.3,2.4) 


1 
1.1 (0:1,10.8) 
4.4 (1.0,20.2) 
3.1 (0:7. 12.7) 
4.0 (1.0,15.9) 


1 
1.1 (0.5,2.6) 
0.3 (0.0,2.5) 
1.4 (0.6,3.4) 
1.8 (0.8,3.9) 
2.2 (10,51) 
2.5 (1.1,5.6) 





* All values are percentages. RR indicates relative risk; Cl, confidence interval; PDR, proliferative diabetic 
retinopathy; CSME, clinically significant macular edema; and P, test for trend. 
tin one case, retinopathy could not be determined at the follow-up examination. 


Table 4.—Relationship of Ratio of Retinal Microaneurysms at the Follow-up 
Examination to the Baseline Examination in the Worse Eye to Progression of 
Retinopathy, Progression to Proliferative Diabetic Retinopathy (PDR), or Development of 
Clinically Significant Macular Edema (CSME) 


Ocular 
Involvement 


Unilateral 


Bilateral 


* All values are percentages. 


another bit of (circumstantial) evi- 
dence that a greater number, even 
without other lesions, probably indi- 
cates more severe involvement. This is 
consistent with the findings of Kohner 
and Sleightholm.' Further confirma- 
tion of change in the number of mi- 
croaneurysms as a risk factor for fur- 
ther progression of retinopathy awaits 


1784 


Follow-up Status * 
Po —— oO__——~ 
Level 41 
or Worse 


0 
0 
6.7 
31.0 
P< .0001 
4.2 
5.9 
7.1 
44.4 
P < .0001 
1.9 
2.9 
6.9 
37.5 
P < .0001 





a second follow-up examination. 

Our data suggest that in eyes with 
only retinal microaneurysms in the 
seven standard photographic fields, 
about 50% of them will be found in 
fields 1 and 2. Thus, a significant pro- 
portion of persons would be misclassi- 
fied as having no retinopathy if only 
fields 1 and 2 were available when 
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Table 5.—Ratio of Retinal 
Microaneurysms at the Follow-up 
Examination to Those at Baseline and 
Number of Microaneurysms at the 
Baseline Examination and Progression 
of Retinopathy 


No. of Microaneurysms at 
Baseline Examination (Worse Eye) 


Level 
41 or 
N Worse, % 


Level 
41 or 
Worse, % 


Table 6.—Characteristics 
Significantly Associated With 
Progression to Level 41 or Worse 


Pro- 
gression 
More 


Characteristic Likely If 


Ratio of 
micro- 
aneurysms 

Glycosylated 
hemoglobin, 
% i Higher 

Sex (M = 1, 

F = 2) ; M 

No. of retinal 
micro- 
aneurysms 
at baseline 


Larger 





retinopathy is present in other fields. 
For this reason, clinical trials designed 
to detect the development of retinopa- 
thy should consider using the seven 
standard photographic fields of the 
Diabetic Retinopathy Study. 

In all eyes in which four or more mi- 
croaneurysms were found in the base- 
line photographs, there was no in- 
stance where the eye was free of mi- 
croaneurysms at the 4-year follow-up. 
These data suggest that appearance of 
four or more microaneurysms in the 
limited area covered by the seven stan- 
dard photographic fields may repre- 
sent a “threshold” where retinopathy, 
as measured by grading of fundus color 
photographs, is unlikely to regress to 
no retinopathy. 
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Variability of Depth Measurements of the Optic Nerve 


Head and Peripapillary Retina With Computerized 


Image Analysis 


Lalit Dandona, MD, MPH; Harry A. Quigley, MD; Henry D. Jampel, MD 


e Computerized topographic mapping 
of 10 repeated fundus images of one eye 
each in 10 healthy subjects and in 10 sub- 
jects with elevated intraocular pressures 
(IOPs) was performed with the Humphrey 
Retinal Analyzer. The variability of depth 
measurements at 400 to 650 individual lo- 
cations in the optic nerve head and peri- 
papillary retina was evaluated. The aver- 
age size of the 95% confidence intervals 
for individual depth measurements for 
healthy subjects and those with elevated 
IOPs were 166 and 232 um in the optic 
nerve head and 205 and 261 um in the 
peripapillary retina, respectively. Variabil- 
ity was significantly less for healthy sub- 
jects than for those with elevated IOPs. 
Variability was significantly greater for 
depth measurements in the peripapillary 
retina than for measurements in the optic 
head. Knowledge about variability of indi- 
vidual depth measurements is useful for 
proper interpretation of computerized top- 
ographic mapping to detect retinal nerve 
fiber damage. 
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[ nereased cupping of the optic nerve 

head'? and the presence of retinal 
nerve fiber layer defects?’ mainly re- 
flect ganglion cell axon loss in glau- 
coma. Both increased cupping" and 
peripapillary nerve fiber layer de- 
fects'*’* may be detected clinically be- 
fore the manifestation of visual field 
defects in glaucoma. A significant mi- 
nority of the retinal ganglion cells may 
be lost in patients with glaucoma be- 
fore visual field loss is detected with 
manual” or automated? perimetry. 
Therefore, accurate measurement of 
structural changes either in the optic 
nerve head or in the nerve fiber layer 
could allow earlier detection of nerve 
fiber damage in glaucoma. 

The clinical estimation of cup size 
has been used for a long time to detect 
and monitor glaucoma damage. How- 
ever, the cup-dise ratio has a wide 
range of values in healthy subjects,” 
and its clinical estimation may be 
highly variable.” Thus, the cup-disc 
ratio is neither specific nor reliable 
enough to detect nerve fiber damage 
accurately. Recently, the dise rim area, 
or neuroretinal rim area, was proposed 
as a more valid indicator of the amount 
of neural tissue present in the eye.7223 
Computerized image analyzers were 
developed to enable objective and effi- 
cient measurement of the disc rim area 
and other parameters, such as cup vol- 
ume and the cup-disc ratio.”*25 The re- 
producibility of disc rim area measure- 
ments with these image analyzers has 
been reported as reasonable,- 

The disc rim area in normal eyes, 
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however, was found to increase with 
the increase in disc area.?! Moreover, 
neither the disc rim area nor cup vol- 
ume or the cup-dise ratio clearly dis- 
tinguish between healthy subjects, 
those suspected of having glaucoma, 
and those with glaucoma because of 
considerable overlap in values for 
these subject groups.” Therefore, the 
assumption that the disc rim area is 
relatively constant in healthy subjects 
and is a direct measure of the neural 
tissue present in the eye may be in- 
valid. 

Since objective measurement of ar- 
bitrarily defined optic nerve head pa- 
rameters, such as the disc rim area, 
cup volume, or cup-dise ratio, has not 
allowed clear distinction between 
healthy subjects, those suspected of 
having glaucoma, and those with glau- 
coma, it seems reasonable to investi- 
gate if nonarbitrary parameters of the 
optic nerve head, such as its contour,” 
or the interpretation of peripapillary 
topography* might allow more accu- 
rate estimation of nerve fiber status 
with computerized image analysis. 
Knowledge of the variability of depth 
measurements at individual locations 
is a prerequisite for any such topo- 
graphic interpretation to be useful. 
Therefore, this study computes the 
variability and constructs confidence 
limits for individual depth measure- 
ments in the optic nerve head and 
peripapillary retina obtained with the 


Humphrey Retinal Analyzer (Al- 
lergan Humphrey, San Leandro, 
Calif). 
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MATERIALS AND METHODS 


The Humphrey ketinal Analyzer consists 
of two main parts, the imager and the an- 
alyzer, along with some accessories (Fig 1). 
Simultaneous stereoscopic fundus images 
can be acquired with the imager either on 
phetographic colorfilm or in digital form to 
be stored in the amalyzer. The digital im- 
ages are acquired with red-free light using 
a filter (Kodak Wratten Filter No. 55), 
which has apeak transmission at 520 nm; 
this is within the range of wavelengths that 
make the re inal nerve fiber bundles opti- 
mally visible“ Alienment of the eye with 
the optical head of zhe imager is monitored 
by real-time video imaging with infrared 
light. Once tae desired centering of the op- 
tic nerve head is acnieved with the use of a 
fixation light projected from within the op- 
tical head, activation of a video frame 
grabber mecnanism allows acquisition of 
the fundus mage. The simultaneous ste- 
reoscopie im.ge used for topographic map- 
ping covers £ 10° X 15° view of the fundus. 
It is stored aad displayed at a resolution of 
512 X 512 pixels and is made up of two im- 
ages takenmatan angle of 2.9° on either side 
of the optica. axis (Color Fig 1). The aver- 
age time required for an experienced oper- 
ator to align -he eye and acquire the image 
is about 2 mmutes. 

The two images tnat make up the simul- 
taneous stereoscopic image have slight dis- 
parities in te brightness distribution at 
correspondins regions. These disparities, 
which are desendert on the topography of 
that region, ¿re used by the “stereo” pro- 
gram of the analyzer to compute depth 
measuremen’s in a way similar to the use of 
retinal disparity for stereoscopic vision. 
The stereo program is started by the oper- 
ator who is requiree to mark eight or more 
points aleng the dise edge on the left image 
of the stereo »air via a mouse device (Color 
Fig 2). This is the only step requiring oper- 
ator input. The program then preprocesses 
the image by using algorithms that reduce 
background npise amd sharpen the image. A 
low-order Fourier series is then fitted to the 
operator-marxed peints to generate a cir- 
cular, oval, ell ptical or egg-shaped approx- 
imation of the disc edge. Next, an annular 
region extend ng to 10 pixels, equivalent to 
about 10@ um the actual distance on the 
fundus, on ether side of the disc edge 
approximation is scanned radially for 
points of grat bmghtness change. The 
points at whch the brightness change is 
above a certain mathematical threshold are 
again fitted tc a low-order Fourier series to 
finally define the disc edge. The intent of 
this brightness change algorithm is to have 
a more censistent method of defining the 
disc edge thar may be possible by the oper- 
ater. 

The program then registers the two im- 
agesof the stereo pair to remove differences 
between them caused by translation, rota- 
tion, magnification, and skew. To achieve 
this, a “seeneanatching” algorithm, which 
compares the brightness distribution at 
corresponding regions in the stereo pair,” is 
used to find ccrresponding points along the 
disc edge in the right image for 36 equally 
spaced points along the previously defined 
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disc edge in the left image. A transforma- 
tion or “warping” function is used to su- 
perimpose the disc edges in the two images 
of the stereo pair in such a way that a least 
sum of squares for any separation between 
the corresponding points in the two images 
is achieved. This registration establishes 
the disc edge as a “reference zero” for fur- 
ther depth or elevation measurements. This 
does not imply that the disc edge level has 
zero depth value all along; points on the disc 
edge will be elevated or depressed relative 
to each other. 

The program then defines a grid of points, 
10 pixels or about 100 um apart, in the left 
image, which covers the whole optic nerve 
head and some peripapillary retina. Depth 
measurements are computed at 400 to 650 
such points, varying in number according to 
the size of the optic nerve head, using a 
scene-matching algorithm similar to the 
one used to find the disc edge in the right 
image (Color Fig 3). The horizontal move- 
ment required in the right image to exactly 
overlap the brightness distribution in the 
corresponding region in the left image is an 
indicator of the depth measurement at that 
point. Left movement indicates elevation 
and right movement indicates depression 
with respect to the reference zero. The 
intended resolution of depth measurements 
is about 7 um. The scene matching in the 
stereo pair is dependent only on the bright- 
ness distribution in the two images and not 
on the overall brightness in either of the 
two images. If the scene matching for a 
point falls below an arbitrarily set correla- 
tion coefficient value of .6, an interpolation 
function uses the surrounding depth values 
to estimate the depth at that point. Finally, 
a smoothing function is used to detect and 
modify any aberrant depth values. 

The three-dimensional topography of the 
optic nerve head is displayed after the 
depth at all points on the grid has been cal- 
culated (Color Fig 4). The depth values in 
micrometers can be printed in a matrix 
format. The program defines the cup edge as 
a line joining all points that are 120 um be- 
low the disc edge level along radii at 3° in- 
tervals. The disc area and rim area, defined 
as the area between the disc and cup edges, 
are calculated and displayed in square mil- 
limeters (Color Fig 4). All measurements by 
the analyzer are based on the assumption 
that the eye conforms to the Gullstrand 
schematic human eye optics.” Any magni- 
fication errors caused by deviations from 
this assumption are not accounted for. The 
total time taken from the operator marking 
the disc edge to the completion of topo- 
graphic mapping is about 12 to 18 minutes, 
depending on the size of the optic nerve 
head in the image. 

Ten healthy volunteers, older than 40 
years, were selected after confirming on ex- 
amination that they did not have any eye 
disease. Ten other volunteers, older than 40 
years, with intraocular pressures (IOPs) 
consistently over 21 mm Hg were also 
selected. With Goldmann perimetric tech- 
niques, three of these subjects had definite 
glaucomatous visual field loss defined as one 
or more of the following: paracentral or full 
arcuate scotoma (including arcuate elonga- 
tion but not generalized enlargement of the 
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blind spot) at least (.4 log units in depth; 
nasal step of at least 10° in width present to 
at least two isopters and central islands; 
temporal islands,or both.'* Subjects with a 
refractive error of more than 5 diopters 
were excluded. All subjects were phakic, 
had clear ocular media, and had pupils that 
dilated to more than 4.5 mm in diameter. 
The ability of thesub. ect to cooperate dur- 
ing image acquisition was not a criterion 
for selection. 

Ten simultaneous stereoscopic fundus 
images of a random!» chosen eye of each 
subject were acquired during the same ses- 
sion, with intervals of at least 30 seconds 
between successive mages. Topographic 
mapping of the optic nerve head and peri- 
papillary retina was done for all images 
with the stereo program of the Humphrey 
Retinal Analyzer. One of us (L.D.) marked 
the disc edge on all images. 

Computation of variability of individual 
depth measurements would be most valid if 
the repeated measurements were made at 
exactly the same location. This is techni- 
cally almost impossible. However, the 
“compare” program o: the Humphrey Ret- 
inal Analyzer can register two topographic 
mapping results of the same fundus by 
aligning their dise edzes. The algorithms 
used to achieve this ane similar to the ones 
used to register the stereo pair in the stereo 
program. Then the program overlaps the 
two matrices of depth measurements using 
the disc edge as the reference. Since the two 
disc edges may not have the exact same 
shape, the disc edge in the second topo- 
graphic mapping resu_t is manipulated to 
achieve the best possible overlap, which 
shifts the points ofdep:h measurements for 
the second image accordingly. As a result, 
some of the depth measurements for the 
first image may not have an exactly overly- 
ing depth measuremert for the second im- 
age. A linear interpolacion function is used 
to deduce depth values for such points for 
the second image. The matrix of depth val- 
ues for the first image is then subtracted 
from the matrix for the second image. The 
differences denote the change in topogra- 
phy in the second image as compared with 
the first. The result is displayed as a grid 
plot (Color Fig 5) and ean also be printed in 
a matrix format. The compare program 
takes about 2 minutes to complete and does 
not require any operator input for compu- 
tations. 

For each subject, the topographic map- 
ping result for one of the images was cho- 
sen at random, andthe results for the other 
nine images of the same subject were com- 
pared with it using the compare program. 
The differences in deptà values at the same 
locations for nine independent comparisons 
for each subject were used to calculate the 
variance (square of SD of individual depth 
measurements at each ocation for all sub- 
jects. The variance of depth measurements 
inside and outside the disc edge were con- 
sidered separately. 

The averages of the variance of depth 
measurements at 150 te 250 locations in the 
optic nerve head and at250 to 375 locations 
in the peripapillary retima were used to cal- 
culate the SDs of the distribution for an in- 
dividual location inseaca of the two regions 
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Fig 1.—Schematic diagram of the Humphrey Retinal Analyzer components for topographic mapping of the optic fundus. 


for each subject separately. The SDs of the 
distribution were then used to calculate the 
95% confidence intervals for an individual 
depth measurement in the optic nerve head 
and in the peripapillary retina. The size of 
these confidence intervals was considered 
as the measure of variability, meaning that 
two depth measurements at the same loca- 
tion on the same optic fundus differing by 
more than the size of this confidence inter- 
val would be due to an actual change and not 
due to variability of the technique at least 
95% of the time. 

Variability of individual depth measure- 
ments was compared between healthy sub- 
jects and those with elevated IOPs using the 
two sample ¢ test. The subjects with ele- 
vated IOPs were also divided into sub- 
groups with and without glaucomatous vi- 
sual field loss, and variability was compared 
between these subgroups and the healthy 
subjects using the one-way analysis of vari- 
ance and the ¢ test with Bonferroni correc- 
tion. Variability of depth measurements in 
the optic nerve head and in the peripapil- 
lary retina were compared using the paired 
t test. Linear regression was used to study 
the relationship between the average vari- 
ability in the optic nerve head and in the 
peripapillary retina of the same eye. 
Statistical significance was defined as 
P< .05. 


RESULTS 


The age of the healthy subjects, 
four men and six women, was 


45.5 + 1.7 years (mean + SEM). The 
age of the subjects with elevated 
IOPs, five men and five women, was 
49.9 + 3.5 years. The ages were not 
significantly different between these 
groups (P = .27). All subjects were 
white, except for one black woman 
with an elevated IOP with glaucoma- 
tous visual field loss. The refractive 
error of the healthy subjects, —2.50 
+ 0.65 (mean + SEM) diopters, was 
slightly more than that of the subjects 
with elevated IOPs, —1.00 + 0.77 D 
(mean + SEM); this difference, how- 
ever, was not significant (P = .15). 
The cup-disc ratio in the subjects with 
elevated IOPs, 0.59 + 0.06 (mean + 
SEM), was significantly greater than 
that in the healthy subjects, 
0.33 + 0.06 (P = .01). The disc rim area 
in the subjects with elevated IOPs, 
1.653 + 0.157 mm? (mean + SEM), 
was less than that in the healthy sub- 
jects, 2.043 + 0.125 mm; this differ- 
ence, however, was marginally insig- 
nificant (P = .07). 

Variability of individual depth mea- 
surements was significantly less for 
healthy subjects than for the subjects 
with elevated IOPs, both in the optic 
nerve head (P = .04) and in the peri- 
papillary retina (P = .04) (Table). The 
subjects with elevated IOPs were di- 
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vided into subgroups with and without 
glaucomatous visual field loss, consist- 
ing of three and seven subjects, respec- 
tively. The subjects with elevated IOPs 
with glaucomatous visual field loss had 
significantly larger 95% confidence in- 
tervals for individual depth measure- 
ments within the optic nerve head, 
305.0 + 49.4 um (mean + SEM), than 
the healthy subjects did, 165.6 + 8.7 
um (P < .05). All other differences þe- 
tween variability for the healthy sub- 
jects and the two subgroups of subjects 
with elevated IOPs were not signifi- 
cant (Table). The lack of statistical 
significance between these other dif- 
ferences may be caused by the small 
sample size of the subgroups for the 
subjects with elevated IOPs. 

The average variability of individual 
depth measurements in the peripapil- 
lary retina was significantly greater 
than that in the optic nerve head 
(P = .02). There was a significant pos- 
itive linear correlation between the 
average variability of individual depth 
measurements in the optic nerve head 
and the variability in the peripapillary 
retina of the same eye (r=.62, 
P= .01). The size of the 95% confi- 
dence intervals for individual depth 
measurements for a typical normal 
optic fundus (Color Fig 1) are shown in 
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Color Fig 1.— Simultaneous stereoscopic image of a left normal fundus Color Fig 2.— Operator-marked disc edge (green crosses) along the in- 
acquired using ree—ree light. The two images, each representing the ternal edge of the optic canal. 

same 10° X 15° fumdus view, are taken at an angle of 2.9° on either 

side of the optical axis. 





Color Fig 3.—Scene-matching algorithm, which compares brightness Color Fig 4.—Grid plot showing three-dimensional topography of optic 
distribution in the seereo pair, finds corresponding points in right image nerve head and peripapillary retina. Green line represents disc edge. 
far 400 to 650 poinssin left image (red crosses). Relative displacement Cup edge is defined as the line (red) joining points 120 um below the disc 
of points in the gridir the right image indicates elevation or depression edge along the radii at 3° intervals. Rim area (upper value), between disc 
with respect to the r=serence zero. Missing points in the grid indicate that and cup edges, and disc area (lower value) are displayed in square mil- 
the confidence in scene matching at those regions fell below a correla- limeters. 


tion coefficient of .5. 


sa , ees Color Fig 5.— Grid plot showing differences between topographic map- 


Wa { pings of a left normal fundus (Color Fig 1) on two occasions. Green line 
a represents disc edge. 
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Size of 95% Confidence Intervals for 
Individual Depth Measurements * 






Size of 95% 











Confidence 
Interval, um 
cee -- aa 
Peripapillary 
Optic Retina 
Nerve (Within About 
Head Y4 Disc 
Study (Inside Diameter From 
Group Disc Edge) Disc Edge) 























Healthy subjects (n = 10) 
Mean 165.6 205.4 
SEM 8.7 14.8 
Median 174.0 198.0 
Range 118-207 148-301 
Subjects with elevated IOPs (n = 10) 
Mean 232.0 261.1 
SEM 28.3 21.2 
Median 214.5 246.0 
Range 130-392 183-381 
Subjects with elevated IOPs 
without glaucomatous 
visual field loss (n = 7) 
Mean 200.7 252.7 
SEM 28.7 25.9 
Median 163.0 243.0 
Range 130-354 183-381 
Subjects with elevated |OPs 
with glaucomatous 
visual field loss (n = 3) 
Mean 305.0 280.7 
SEM 49.4 42.3 
Median 302.0 260.0 
Range 221-392 220-362 






* All values are based on analysis of 10 images 
acquired during the same session for each subject. 
Averages of the variance at 150 to 250 locations in 
the optic nerve head and at 250 to 375 locations in 
the peripapillary retina were used to calculate confi- 
dence intervals for each subject. IOP indicates in- 
traocular pressure. 


Fig 2. Figure 3 illustrates schemati- 
cally the 95% confidence intervals for 
a normal optic fundus. Within the 
peripapillary retina, variability was 
greater at the most peripheral loca- 
tions measured (Figs 2 and 3). 

Optic nerve heads with deep cups 
having steep sloping walls were no- 
ticed to have higher variability of in- 
dividual depth measurements. The de- 
gree of steepness of the cup wall was 
determined from the three-dimen- 
sional topographic grid plot (Color Fig 
4). The size of the 95% confidence 
intervals for individual depth mea- 
surements in the optic nerve head for 
one healthy subject and four subjects 
with elevated IOPs having a cup wall 
slope steeper than 60°, grouped to- 
gether, was 295.2 + 36.2 um. This was 
significantly greater than the 95% 
confidence intervals for all other sub- 
jects grouped together, 166.7 + 7.8 um 
(P = .01). 

Relatively flat peripapillary retinas, 
determined subjectively from the to- 
pographic grid plot, were noticed to 
have higher variability of individual 
depth measurements than the ones 


153 378 222 


96 
162 
396 342 





Fig 2.— Size of 95% confidence intervals for individual depth measurements, about 100 um apart 
in a left normal fundus (Color Fig 1), based on the variance at each location separately. The line 
represents disc edge. The asterisk pairs indicate locations that fell inside or outside the disc edge 


on different occasions. 


Choroid 


Sclera 





Fig 3.—Schematic diagram of a cross-section of a left optic nerve head and peripapillary retina 
through the 5- to 11-0’clock meridian illustrating variability of individual depth measurements for 
a healthy subject; 95% confidence intervals are demarcated by the two broken lines. NFL indicates 


nerve fiber layer. 


with an undulating structure. The size 
of the 95% confidence intervals for in- 
dividual depth measurements in the 
peripapillary retina for the two sub- 
jects with elevated IOPs having dis- 
tinctly flat peripapillary retinas was 
381 and 260 um, respectively, with a 
mean + SEM of 320.5 + 60.5 um. De- 
spite the small sample size, this was 
significantly greater than the 95% 
confidence intervals for all the other 
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subjects grouped together, 223.6 + 
59.1 um (P = .04). 


COMMENT 


The usefulness of computerized im- 
age analysis to measure topographic 
changes in the optic nerve head and the 
peripapillary retina due to nerve fiber 
loss depends on the variability of indi- 
vidual depth measurements. In this 
study, the average size of the 95% con- 


Computerized Fundus Analysis—Dandona et al 


| 
| 
4 
| 
| 


fidence intervals for individual depth 
measurements, using the disc edge 
level as reference, was about 166 and 
205 um in healthy subjects and about 
201 and 253 um in the subjects with el- 
evated IOPs without glaucomatous vi- 
sual field defects, respectively, in the 
optic nerve head and the peripapillary 
retina. A change in depth measure- 
ment at the same location in the same 
optic fundus with the Humphrey Ret- 
inal Analyzer could be considered an 
actual change in topography at the 
95% confidence level if it exceeds the 
size of these confidence intervals. 

The absolute values of the 95% con- 
fidence intervals calculated in this 
study were based on depth measure- 
ments uncorrected for any magnifica- 
tion error caused by deviations from 
the assumed Gullstrand schematic hu- 
man eye optics. The average refractive 
errors for both the healthy subjects 
and those with elevated IOPs were 
negative. Since a negative refractive 
error causes the measurements in the 
optic fundus to be bigger than they ac- 
tually are,*°? we probably slightly 
overestimated the size of the confi- 
dence intervals. 

Variability of individual depth mea- 
surements was greater along the out- 
ermost locations measured in the peri- 
papillary retina because efficient use of 
the interpelation and smoothing func- 
tiens of topegraphic mapping, which 
help reduce variability, is not possible 
in these locations since depth mea- 
surements more peripheral to these 
locations are unavailable because of 
the software design. This may be re- 
sponsible for the significantly higher 
variability of measurements in the 
peripapillary retina as compared with 
those in the optic nerve head. Another 
possible reason for this higher vari- 
ability could be the relative lack of 
structural features available in the 
peripapillary retina for topographic 
mapping. The presence of structural 
features enhances differences in the 
brightness-distribution in correspond- 
ing regions of the stereo pair and, 
therefore, makes topographic map- 
ping more reliable. 

The higher variability of individual 
depth measurements in the optic nerve 
heads with deep cups having steep 
sloping walls indicates that topo- 
graphic mapping with this technology 
is less reliable on surfaces that are 
acutely inclined to the optical axis. The 
acute inclination makes the brightness 
distribution pattern in these regions of 
the stereo pair sensitive to minor 
changes in positioning of the eye. It is 
also possible that minor misalignment 
of different topographic mapping re- 
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sults for the same eye could result in 
large differences in depth measure- 
ments for the assumed same location 
on steep surfaces. The higher variabil- 
ity of individual depth measurements 
in distinctly flat peripapillary retinas 
is probably due to fewer structural 
features available in them for topo- 
graphic mapping. 

Distinctness of the disc edge was not 
found to be an important determinant 
of variability of individual depth mea- 
surements by the method used in this 
study. This is in contrast to the con- 
siderable influence of distinctness of 
the disc edge on variability of rim and 
disc area measurements as reported 
elsewhere,” because variations in disc 
edge definition in different images of 
the same subject are adjusted for, toa 
large extent, when the compare pro- 
gram aligns the topographic mapping 
results for these images using the disc 
edge as the reference. 

The variability of individual depth 
measurements in this article was com- 
puted from 10 repeated images ac- 
quired during the same session with 
intervals of at least 30 seconds between 
successive images. The variability of 
rim and disc area measurements, re- 
ported elsewhere,” was not signifi- 
cantly different between images ac- 
quired during the same session and 
those acquired during different ses- 
sions. We have no reason to believe 
that it would be different for individ- 
ual depth measurements. All images in 
this study were analyzed by the same 
operator. Variations in variability of 
rim and disc area measurements 
among different operators have been 
reported earlier.****> The same may be 
the case with individual depth mea- 
surements, since the operator interac- 
tion with the image analyzers that is 
marking the disc edge is the same for 
the rim and disc area measurements as 
well as for the individual depth mea- 
surements. 

Shields and associates” reported a 
subjective impression that cross-sec- 
tional contour lines of the optic nerve 
head in healthy subjects using the Ro- 
denstock Analyzer (G. Rodenstock In- 
strument GmBH, Munich, West Ger- 
many) had reasonable reproducibility. 
An accurate comparison between their 
study and ours is not possible because 
of the subjective nature of their data. 
Lim and associates*” reported the av- 
erage size of the 95% confidence inter- 
val for an individual depth measure- 
ment in the optic nerve head as 280 um 
with the Imagenet Analyzer (Topcon 
Instrument Corp of America, Para- 
mus, NJ). The confidence intervals cal- 
culated in our study are comparable 
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with this reported value. 

The use of disc edge level as the ref- 
erence zero for topographic mapping 
of the optic fundus has the drawback 
that it is not constant but recedes as 
nerve fiber damage progresses. This 
can confound interpretation of the to- 
pographic changes. If topographic 
measurements are made with respect 
to a stable reference level deep to the 
nerve fiber layer, the change in topo- 
graphic mappmg of an eye with glau- 
coma would depend mainly on nerve 
fiber loss. An example of such a stable 
reference level, which, unlike the dise 
edge level, does not change position 
with nerve fiber damage, is the retinal 
pigment epithelium that is being used 
to measure nerve fiber layer thickness 
with a manual photogrammetric 
method.*! Use of stable reference levels 
for topographic mapping of the fundus 
with computerized image analysis is 
being investigated.” 

Apart from determining the vari- 
ability of topographic mapping of the 
fundus with computerized image anal- 
ysis, it is also important to know about 
its accuracy, that is, what exactly it 
measures. One approach to investigate 
this is to objectively correlate the im- 
age analysis measurements with ac- 
tual histologic measurements in ani- 
mal models. Another approach is to 
correlate known measurements of fun- 
dus topography in model eyes with the 
measurements made using image 
analysis.* 

The clinical usefulness of topo- 
graphic mapping ef the optic fundus 
with computerized image analysis to 
detect retinal nerve fiber loss will de- 
pend on technieal improvements lead- 
ing to less variability and on finding 
better ways to interpret it. Advances 
made toward earlier detection of gan- 
glion cell function impairment with 
psychophysicaLor ether tests will also 
influence the relative value of comput- 
erized image analysis. 
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Benign Fibrous Tumor of the Choroid 


J. Oscar Croxatto MD; Cipriano D’Alessandro, MD; Atilio Lombardi, MD 


@ A 32-year-old@white woman presented 
with an amelanoté& choroidal tumor in the 
left eye. Althougk a malignant melanoma 
could not be totaly ruled out, some fea- 
tures suggested « benign tumor. The pa- 
tient was followed up without treatment 
during a 2-year period. Neovascular glau- 
coma developed and the blind eye was 
enucleated. Histopathologic examination 
revealed a benign fibrous tumor of the 
choroid, presumaply a fibrous histiocyto- 
ma. 

(Arch 
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Altheugh several benign and malig- 

nant tumors have been reported to 
arise from the cnoroid, to our knowl- 
edge, a primary tumor of fibrous cell 
derivation has net been described. Re- 
cently we examined and followed up a 
patient with a slow-growing amela- 
notic choroidal lesion. Histopathologic 
examination, including immunohis- 
tochemistry and electron microscopy, 
demonstrated the benign fibrocytic na- 
ture of the tumor. 


REPOR™ OF A CASE 


A 32-year-old white woman was seen in 
consultation in September 1985 for evalua- 
tion anc treatmentof an intraocular tumor 
in the left eye. These-was no family history 
of ocular or systemic diseases. She had a 
loss of vision m the left eye of 9 days’ dura- 
tion. Visual acuity was 20/30 OD and 20/100 
OS Intraocular pressure was 17 mm Hg OD 
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and 15 mm Hg OS. The right eye was nor- 
mal. Fundus examination of the left eye 
disclosed a yellowish white choroidal mass 
measuring approximately 12 X11 mm in 
diameter and 10 mm in thickness that 
extended inferotemporally from the optic 
disce (Fig 1). Fluorescein angiography 
showed irregular filling of the mass in the 
arterial and arteriovenous phases with pig- 
mentary clumps and microvascular abnor- 
malities of the overlying retina (Fig 2). In 
the latest phases there was retention and 
progressive diffusion of dye from the mass. 
B-scanultrasonography (Ocuscan 400, Sono- 
metrics Systems Inc, New York, NY) dem- 
onstrated a solid choroidal mass whose in- 
ternal reflectivity was difficult to evaluate 
because of the presence of a highly reflec- 
tive layer with attenuation of tumoral and 
orbital echoes (Fig 3, left). This layer per- 
sisted at lower sensitivity (Fig 3, right). The 
retina appeared to be slightly detached at 
the edges of the mass. A-scan ultrasonog- 
raphy showed a high-intensity echo spike 
from the inner surface of the tumor that 
obscured the scleral and orbital soft-tissue 
echoes immediately posterior to the mass. 
Systemic workup, including chest roent- 
genograms, showed no abnormalities. Be- 
cause of the calcification on the surface of 
the tumor, the diagnosis of solitary choroi- 
dal hemangioma was entertained and it was 
decided to observe the patient closely, with 
out treatment, for evidence of tumor growth. 

Periodic examinations in November and 
December 1985, including fluorescein an- 
giography and ultrasonography, revealed 
minor changes in size and appearance of the 
lesion. In March 1986, visual acuity dropped 
to 20/200 OS. Computed tomography 
showed an intraocular mass in the left eye 
with calcification in its surface. The optic 
nerve and orbital tissues were normal. 

In August 1986, the patient was examined 
in consultation in an ophthalmological on- 
cology center outside the country. The re- 
port from the consultant stated that “the 
lesion was somewhat atypical” but he 
thought it was “probably an amelanotic 
melanoma.” A choroidal tuberculoma was 
also considered. Roentgenograms of the 
chest and results of cutaneous tests were 





normal. Enucleation was recommended, 
but the patient electec not to receive treat- 
ment. 

The patient was followed up at regular 
intervals during £ years; there was slight 
enlargement in the size of the tumor and 
retinal detachmert. When she returned in 
September 1988, intraocular pressure was 
70 mm Hg OS. Skt-lamp examination re- 
vealed rubeosis iridis and closed anterior 
chamber angle. The retina was totally de- 
tached. Ultrasonczgraphy showed a total 
retinal detachmene and enlargement of the 
tumor. Because of the presence of neovas- 





Fig 1.—Clinical apearance of the mass. 





Fig 2.—Mottled hyperfluprescence of the tu- 
mor and microvascelar abnormalities of the 
retinal vessels. 
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Fig 3.—Left, B-scan echography disclosing the intraocular tumor. Right, Low sensitivity revealing the calcification with ab- 


sence of scleral and orbita! echoes. 


cular glaucoma, total retinal detachment, 
and tumor growth, the left eye was enucle- 
ated without complications. 


PATHOLOGIC FINDINGS 


Gross examination revealed a nor- 
mal-sized left eye. A posterior transil- 
lumination shadow measuring 17 mm 
in largest diameter was present ex- 
tending inferotemporally from the op- 
tic nerve. The anterior chamber was 
closed by peripheral anterior synechi- 
ae. Arising from the choroid was a 
well-circumscribed solid white mass 
measuring 14 mm in largest diameter 
by 9 mm in elevation (Fig 4). The sur- 
face of the tumor was calcified. The 
retina was totally detached with pro- 
teinaceous exudate. The overlying 
sclera was thinned but intact. 

Microscopically the tumor was com- 
posed of interlacing woven bundles 
and fascicles of spindle-shaped cells 
that occasionally showed a storiform- 
like pattern (Fig 5) and were associ- 
ated with collagen tracts and hyalin- 
ization toward the center of the mass. 
The tumor had pushing lateral edges; 
there was no scleral invasion. Tumor 
cells had long cytoplasmic processes at 
both ends of the nucleus without fibril- 
lar differentiation (Masson’s tri- 
chrome). The nuclei were oval and 
showed small inconspicuous nucleoli. 
Mitotic figures were occasionally 
present. A plaque of osseous metapla- 
sia was observed on the surface of the 
tumor associated with pseudotubular 
arrangement of hyperplastic retinal 
pigment epithelium (Fig 6). The retina 
overlying the tumor showed cystoid 
changes (Fig 6). Other findings in- 
cluded exudative retinal detachment, 
rubeosis iridis, and peripheral ante- 
rior synechiae. 
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Immunohistochemical preparations 
carried out on paraffin sections re- 
vealed that the cells did not stain for 
S100 protein and desmin. Vimentin 
was present in most tumor cells. 

Ultrastructural examination was 
performed on formaldehyde solution- 
fixed tissue. Thin sections were stained 
with uranyl acetate-lead citrate and 
examined with a transmission micro- 
scope (Zeiss, Carl Zeiss, Oberkochen, 
West Germany). Electron microscopic 
examination showed fusiform cells 
with ovoid nuclei and abundant extra- 
cellular collagen fibers (Fig 7). Poorly 
developed junctional attachments 
were occasionally observed. The cyto- 
plasm contained profiles of rough en- 
doplasmic reticulum. Isolated cells dis- 
closed actinlike filaments with fusi- 
form densities in the peripheral 
cytoplasm associated with patchy 
basement membrane consistent with 
myofibroblasts. On perpendicular pro- 
file the cytoplasm had extensions giv- 
ing a stellate configuration between 
collagen fibers. The histopathologic 
findings, immunohistochemistry, and 
electron microscopic observations 
were consistent with a benign fibrous 
tumor of the choroid. 


COMMENT 


On initial clinical examination the 
differential diagnosis in this patient 
included amelanotic malignant mela- 
noma, metastatic tumor, and choroidal 
granuloma. In view of the presence of 
calcification as demonstrated by ultra- 
sonography, the diagnosis of choroidal 
hemangioma was entertained; the pa- 
tient concurred as she had been fol- 
lowed up for evidence of growth of the 
intraocular mass. The patient was seen 
in consultation in an oncology center 
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Fig 4.—Gross photograph of the globe show- 
ing a solid choroidal tumor and total retinal de- 
tachment. 


outside the country. The consultant 
stated that the lesion was probably an 
amelanotic melanoma and an intraoc- 
ular fine-needle biopsy was suggested. 
We were reluctant to do so because of 
the presence of the calcified plaque and 
the possibility of a vascular tumor. 
Histopathologic examination of the 
enucleated blind eye revealed a benign 
spindle-cell tumor of the choroid. Im- 
munohistochemistry and electron mi- 
croscopic studies confirmed the fibro- 
cytic nature of the tumor cells. From 
the histopathologic viewpoint we may 
consider the following diagnostic cate- 
gories: (1) benign fibrous prolifera- 
tions, mainly including nodular fasci- 
itis, fibroma, and proliferative fascii- 
tis; (2) fibromatosis; (3) fibrosarcoma; 
and (4) fibrous histiocytoma. Nodular 
fasciitis, which is a benign prolifera- 
tion of fibroblasts characterized by 
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Fig &5.—Turror is somposed of interlacing fascicles of spindle-shaped 
cells and ccilage» bundles (hematoxylin-eosin, original magnification 
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Fig 6.—Osseous plaque on the surface of tne tumor (asterisk) and cys- 
toid changes in outer retinal layers (hematoxylia-eosin, original magni- 


X 125). 


fication X62). 





Fig 7.—Inse, Hic>-power view of the spindle-shaped cells (hematoxylin-eosin, original magnifi- 
cation X450). Transmission electron microscopy disclosing scanty cytoplasm with free ribosomes 
and cysternae of ugh endoplasmic reticulum. The cell is surrounded by collagen fibers (original 


magnificatioa X7#00). 


rapid growth, ich cellularity, and mi- 
totic activ-ty, bess been described in the 
periocular tissues and conjunctiva.'” 
Except for the-well-defined fibroma of 
tendon słæatF and cutaneous tissue 
(fibroma mole), the term fibroma 
hasbeen leose y applied to lesions dis- 
closing a rich eollagenous stroma that 
may represent the end stage of a re- 
parative fiorok-astic proliferation.’ Fi- 
bromatosis indudes a broad range of 
benign fibrou: tissue proliferations 
eharacterwed by infiltrative growth 
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and potential to recur.’ A desmoid tu- 
mor is a locally aggressive form of fi- 
bromatosis that arises mainly from 
musculo-aponeurotic structures.’ Fi- 
brosarcomas are characterized by a 
rather dense proliferation of fibro- 
blasts with varied degrees of differen- 
tiation and mitotic activity disclosing 
a fasciculated growth pattern. Un- 
usual cases of fibrosarcoma of the 
sclera have been reported‘ as well as 
choroidal metastasis from congenital 
fibrosarcoma.’ 


Fibrous histrocy omas are a hetero- 
geneous group of tumors composed of 
cells that mimic normal histiocytes 
and fibroblasts; ultrastructurally, 
there are also undifferentiated mesen- 
chymal cells, myofidroblasts, and tran- 
sitional cellular eements. They con- 
stitute one of the most common pri- 
mary soft-tissue tamors of the orbit.’ 
The clinical behavior correlates with 
the histopathclog¢ appearance. Be- 
nign, locally aggressive, and malig- 
nant forms have been described. His- 
topathologic material was reviewed by 
members of the Departments of Oph- 
thalmic Pathology and Soft Tissue Tu- 
mor Pathology of the Armed Forces 
Institute of Pathology, Washington, 
DC, who suggested that this spindle- 
cell neoplasm was consistent with a fi- 
brous histiocytoma (fibroblastic type). 

Other spindle-cell tumors described 
in the choroid that could be considered 
in the different.al diagnosis are 
leiomyoma,’ neurefibroma, and neu- 
rilemoma.’ The degree of collageniza- 
tion observed in cur patient may be 
seen in leiomyonmas with regressive 
changes, inclucingwalcification and os- 
sification. The smooth-muscle cells, 
however, display 2 fibrillar cytoplasm 
and characteristic ultrastructural fea- 
tures.” Electron microscopy did not 
show a rather continuous basement 
membrane material, ruling out a neu- 
ral tumor.'! Mereower, the tumor cells 
failed to react wita desmin, a marker 
for neoplasms showing muscle dif- 
ferentiation,'’? anc S100 protein, ex- 
pressed in Schwann cell-derived tu- 
mors.” 

We can consider the possibility of 
the lesion representing a reactive or 
reparative fibrous proliferation asso- 
ciated with am earlier inflammatory 
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process. Clinically there was no his- 
tory or findings suggesting intraocular 
inflammation. Cellular polymorphism 
and zonal variation in the histopatho- 
logic pattern and presence of inflam- 
matory elements and siderophages 
would have been expected in a repara- 
tive inflammatory process. Some be- 
nign fibrous tumors have bone as part 
of the lesion; in our patient, the bone 
was at the level of the retinal pigment 
epithelium, suggesting a secondary 
change in a long-standing lesion. 

After the pathology report was ren- 
dered we reviewed critically the ultra- 
sonographic and fluoresceinographic 
studies to identify findings that could 
be useful in differentiating this fibrous 
tumor from other choroidal tumors, 
more precisely malignant melanoma. 
Although calcification precluded dem- 
onstration of the internal reflectivity 
of the mass, it is very unusual, if even 
possible, to have calcification in ma- 
lignant melanoma. Fluorescein an- 
giography in our patient showed hy- 
perfluorescence similar to that seen in 
malignant melanomas. 

This tumor shared some features in 
common with choroidal hemangiomas, 
such as calcification, the fluoresceino- 
graphic pattern, and microvascular 
abnormalities of the overlying retina. 
Solitary choroidal hemangiomas are 


1. Font RL, Zimmerman LE. Nodular fasciitis 
of the eye and adnexa: a report of ten cases. Arch 
Ophthalmol. 1966;75:475-481. 

2. Ferry AP, Sherman SE. Nodular fasciitis of 
the conjunctiva apparently arising in the fascia 
bulbi (Tenon’s capsule). Am J Ophthalmol. 1974; 
78:514-517. 

3. Enzinger FM, Weiss WS. Soft Tissue Tu- 
mors. St Louis, Mo: CV Mosby Co; 1983. 

4. Schutz JS, Rabkin MD, Schutz S. Fibroma- 
tous tumor (desmoid type) of the orbit. Arch Oph- 
thalmol. 1979;97:703-704. 

5. Heydenreich A. Fibrosarkom der Sklera. 
Ophthalmologica. 1964;148:416-424. 

6. Rootman J, Carvounis EP, Dolman CL, Dim- 
mick JE. Congenital fibrosarcoma metastatic to 
the choroid. Am J Ophthalmol. 1979;87:632-638. 

7. Font RL, Hidayat AA. Fibrous histiocytoma 
of the orbit: a clinicopathologic study of 150 cases. 
Hum Pathol. 1982;13:199-209. 

8. Jakobiec FA, Witschel H, Zimmerman LE. 
Choroidal leiomyoma of vascular origin. Am J 
Ophthalmol. 1976;82:205-212. 

9. Shields JA, Sanborn GE, Kurz GH, Augs- 


seen in patients of both sexes with a 
median age of 38.7 years." Clinically 
most of them showed an orange-red 
color and may disclose pigmentary 
changes on the surface of the tumor. 
Ossification was demonstrated in 20% 
of choroidal hemangiomas reviewed by 
Witschel and Font.'* The degree of cal- 
cification correlated roughly with the 
duration of the disease. Ultrasono- 
graphic findings in choroidal heman- 
giomas without calcification included 
high internal reflectivity with rather 
regular echoes and absence of sponta- 
neous vascular movements. B-scan ul- 
trasonography demonstrates acoustic 
solidity and no choroidal excavation. 
The presence of a juxtapapillar cal- 
cified mass in a young adult woman 
may pose the differential diagnosis of 
a choroidal osteoma. Most choroidal 
osteomas, however, are slightly ele- 
vated, measuring less than 2.5 mm 
with well-defined scalloped mar- 
gins.'*'’ B-scan ultrasonography dem- 
onstrates the bony plaque that at low 
sensitivity conforms to the eye curva- 
ture. In our patient B-scan ultrasonog- 
raphy showed an elevated, highly re- 
flective, dome-shaped mass. 
Additional lesions that could be con- 
sidered in the differential diagnosis 
include solitary peripheral nerve tu- 
mors, choroidal granulomas, leiomyo- 
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ma, and posterior scleritis, among 
others.?!*° 

Despite the presence of fibroblastic 
cells as constituents of several intraoc- 
ular tissues, intraocular tumors of fi- 
broblastic origin are extremely rare. 
To the best of our knowledge, no previ- 
ous reports of similar choroidal tu- 
mors have been described in the liter- 
ature. Recently, Krishnan et al” re- 
ported the case of a pleomorphic 
malignant fibrous histiocytoma in- 
volving the whole eye in a 60-year-old 
man. Although the tumor grew to de- 
stroy the sclera, the authors reported 
that “the clinical course was benign” 
after enucleation. Cursino” presented 
a case of a low-grade fibrosarcoma 
with orbital extension. The patient 
presented with proptosis and the eye 
had been blind for several years. His- 
topathologic examination showed a 
phthisical eye mostly filled by the tu- 
mor. Although when examined it was 
impossible to be certain about the or- 
igin of the tumor, it was suggested that 
the tumor arose from the choroid. The 
patient was alive without evidence of 
recurrence 2 years after surgery. Al- 
though the tumor reported herein ap- 
pears to be rare, it should be added to 
other miscellaneous tumors that may 
arise from the choroid and simulate a 
malignant melanoma. 


428-435. 

16. Williams AT, Font RL, Van Dyk HJL, 
Riekhof FT. Osseous choristoma of the choroid 
simulating a choroidal melanoma. Arch Ophthal- 
mol. 1978;96:1874-1877. 

17. Shields CL, Shields JA, Augsburger JJ. 
Choroidal osteoma. Surv Ophthalmol. 1988;33:17- 
27. 

18. Benson WE, Shields JA, Tasman W, Cran- 
dall AS. Posterior scleritis: a cause of diagnostic 
confusion. Arch Ophthalmol. 1979;97:1482-1486. 

19. Benson WE. Posterior scleritis. Surv Oph- 
thalmol. 1988;32:297-316. 

20. Krishnan MM, Kawatra VK, Ratnakar C, et 
al. Ocular malignant fibrous histiocytoma: clini- 
cal and histopathological characteristics. Br J 
Ophthalmol. 1987;71:864-866. 

21. Cursino J. Orbital tumor with intraocular 
invasion. Read before the meeting of the Associ- 
ation of Ophthalmic Alumni, Armed Forces In- 
stitute of Pathology; June 21-22, 1985; Bethesda, 
Md. 


Choroidal Tumor—Croxatto et al 


= ALLERGANIPHARMACEUTICALS 
A Division of Allerg, Inc. 
Irvine, CA 92713 
© 1989 Allergan, Inc 


In a world of hype and exaggeration, 


new Betagan® 9.25% is that rare exception. 


It is not bigger Dr faster and it wont give 
you more. 

What new Betagan 0.25% gives you, 
in fact, is less. Fut, that’s what makes it an 
excellent additonto mrp 
your practice. — 

Because betagan (i f 
0.25% is safe ard effec- 
tive and gives you, for 
the first time, tlhe option of beginning 
your patients om 0.25 % or 0.5% Betagan. 

So consicer starting your newly 














+, 
x 


diagnosed open-angle glaucoma or ocular 
hypertension patients with Betagan 0.25%. 
Its the one with the levobunolol concentra- 
tion on the bottom and the commitment to 
your patients on top. 


Betagan 0.25% 
(levobunolol HCI) 


Liquifilm® sterile ophthalmic solution 
with C Cap™ Compliance Cap B.L-D. 


As with other topically applied ophthalmic drugs, Betagan may 

be absorbed systemically. The same adverse reactions found 

with systemic administrationof beta-adrenergic blocking agents 
@ may occur with topical administration. 


(levobunolol 


HCI) 0.25% 


Liquifilm® sterile — 
ophthalmic solution with 


™ 
G Cap 


COMPLIANCE CAP 





See adjacent page for 
brief prescribing information 


179 


Betagan®(ievobunolol HC!) 


Liquifilm® sterile ophthalmic solution 


Brief Summary of Prescribing Information 


INDICATIONS AND USAGE: BETAGAN 0.25% and 0.5% have been 
shown to be effective in lowering intraocular pressure and may be used 
in patients with chronic open-angle glaucoma or ocular hypertension. 
CONTRAINDICATIONS: BETAGAN is contraindicated in those indi- 
viduals with bronchial asthma or with a history of bronchial asthma, 
or severe chronic obstructive pulmonary disease (see WARNINGS); sinus 
bradycardia; second and third degree atrioventricular block: overt car- 
diac failure (see WARNINGS); cardiogenic shock; or hypersensitivity 
to any Component of this product. WARNINGS: As with other topical- 
ly applied ophthalmic drugs, BETAGAN may be absorbed systemically. 
The same adverse reactions found with systemic administration of beta- 
adrenergic blocking agents may occur with topical administration. For 
cxample, severe respiratory reactions and cardiac reactions, including 
death due to bronchospasm in patients with asthma, and rarely death 
in association with cardiac failure, have been reported with topical appli- 
cation of beta-adrenergic blocking agents (see CONTRAINDICATIONS). 
Cardiac Failure: Sympathetic stimulation may be essential for support 
of the circulation in individuals with diminished myocardial contrac- 
tility, and its inhibition by beta-adrenergic receptor blockade may 
precipitate more severe failure. /n Patients Without a History of Cardiac 
Failure: Continued depression of the myocardium with beta-blocking 
agents Over a period of time can, in some cases, lead to cardiac failure. 
At the first sign or symptom of cardiac failure, BETAGAN should be 
discontinued. Non-allergic Bronchospasm: In patients with non-allergic 
bronchospasm or with a history of non-allergic bronchospasm (e.g., 
chronic bronchitis, emphysema), BETAGAN should be administered with 
caution since it may block bronchodilation produced by endogenous 
and exogenous catecholamine stimulation of beta, receptors. Major 
Surgery: The necessity or desirability of withdrawal of beta-adrenergic 
blocking agents prior to major su rgery is controversial. Beta-adrenergic 
receptor blockade impairs the ability of the heart to respond to beta- 
adrenergically mediated reflex stimuli. This may augment the risk of 
general anesthesia in surgical procedures. Some patients receiving beta- 
adrenergic receptor blocking agents have been subject to protracted 
severe hypotension during anesthesia. For these reasons. in patients 
undergoing elective surgery, gradual withdrawal of beta-adrenergic 
receptor blocking agents may be appropriate. If necessary during surgery, 
the effects of beta-adrenergic blocking agents may be reversed by suffi- 
cient doses of such agonists as isoproterenol, dopamine, dobutamine 
or levarterenol (see OVERDOSAGE). Diabetes Mellitus: Beta-adrenergic 
blocking agents should be administered with caution in patients sub- 
ject to spontaneous hypoglycemia or to diabetic patients (especially those 
with labile diabetes) who are receiving insulin or oral hypoglycemic 
agents. Beta-adrenergic receptor blocking agents may mask the signs 
and symptoms of acute hypoglycemia. Thyrotoxicosis; Beta-adrenergic 
blocking agents may mask certain clinical signs (e.g., tachycardia) of 
hyperthyroidism. Patients suspected of developing thyrotoxicosis should 
be managed carefully to avoid abrupt withdrawal of beta-adrenergic 
blocking agents which might precipitate a thyroid storm. Contains 
sodium metabisulfite, a sulfite that may cause allergic-type reactions 
including anaphylactic symptoms and life-threatening or less severe 
asthmatic episodes in certain susceptible people. The overall prevalence 
of sulfite sensitivity in the general population is unknown and probably 
low. Sulfite sensitivity is seen more frequently in asthmatic than in non- 
asthmatic people. PRECAUTIONS: General: BETAGAN® (levobunolol 
HCI) Liquifilm® sterile ophthalmic solution should be used with caution 
in patients with known hypersensitivity to other beta-adrenoceptor 
blocking agents. Use with caution in patients with known diminished 
pulmonary function. In patients with angle-closure glaucoma, the im- 
mediate objective of treatment is to reopen the angle. This requires con- 
stricting the pupil with a miotic. BETAGAN has little or no effect on the 
pupil. When BETAGAN is used to reduce elevated intraocular pressure 
in angle-closure glaucoma, it should be used with a miotic and notalone. 
Muscle Weakness; Beta-adrenergic blockade has been reported to poten- 
tiate muscle weakness consistent with certain myasthenic symptoms 
(e.g., diplopia, ptosis and generalized weakness). Drug Interactions: 
BETAGAN should be used with caution in patients who are receiving 
a beta-adrenergic blocking agent orally, because of the potential for 
additive effects on systemic beta-blockade. Although BETAGAN used 
alone has little or no effect on pupil size, mydriasis resulting from con- 
comitant therapy with BETAGAN and epinephrine may occur. Close 
observation of the patient is recommended when a beta-blocker is 
administered to patients receiving catecholamine-depleting drugs such 
as reserpine, because of possible additive effects and the production 
of hypotension and/or marked bradycardia, which may produce vertigo, 
syncope, or postural hypotension. Animal Studies: No adverse ocular 
effects were observed in rabbits administered BETAGAN topically in 
studies lasting one year in concentrations up to 10 times the human dose 
concentration. Carcinogenesis, mutagenesis, impairment of fertility: 
In a lifetime oral study in mice, there were Statistically significant (p < 


0.05) increases in the incidence of benign leiomyomas in female mice 
at 200 mg/kg/day (14,000 times the recommended human dose for 
glaucoma), but notat 12 or 50 mg/kg/day (850 and 3,500 times the human 
dose). In a two-year oral study of levobunolol HCI in rats, there was 
a Statistically significant (p < 0.05) increase in the incidence of benign 
hepatomas in male rats administered 12,800 times the recommended 
human dose for glaucoma. Similar differences were not observed in rats 
administered oral doses equivalent to 350 times to 2,000 times the recom- 
mended human dose for glaucoma. Levobunolol did not show evidence 
of mutagenic activity in a battery of microbiological and mammalian 
in vitro and in vivo assays. Reproduction and fertility studies in rats 
showed no adverse effect on male or female fertility at dosesup to 1,800 
times the recommended human dose for glaucoma. Pregnancy Category 
C: Fetotoxicity (as evidenced by a greater number of resorption sites) 
has been observed in rabbits when doses of levobunolol HC] equivalent 
to 200 and 700 times the recommended dose for the treatment of 
glaucoma were given. No fetotoxic effects have been observed in similar 
studies with rats at up to 1,800 times the human dose for glaucoma. 
Teratogenic studies with levobunolol in rats at doses up to 25 mg/kg/day 
(1,800 times the recommended human dose for glaucoma) showed no 
evidence of fetal malformations. There were no adverse effects on 
postnatal development of offspring. It appears when results from studies 
using rats and studies with other beta-adrenergic blockers are examined, 
that the rabbit may be a particularly sensitive species. There are no 
adequate and well-controlled studies in pregnant women. BETAGAN 
should be used during pregnancy only if the potential benefit justifies 
the potential risk to the fetus. Nursing Mothers: It is not known whether 
this drug is excreted in human milk. Systemic beta-blockers and topical 
timolol maleate are known to be excreted in human milk. Caution should 
be exercised when BETAGAN is administered to a nursing woman. 
Pediatric Use: Safety and effectiveness in children have not been 
established. ADVERSE REACTIONS: In clinical trials the use of BETAGAN 
has been associated with transient ocular burning and stinging in about 
one in four patients, and with blepharoconjunctivitis in about one in 
20 patients. Decreases in heart rate and blood pressure have been 
reported occasionally (see CONTRAINDICATIONS and WARNINGS). 
The following adverse effects have been reported rarely with the use 
of BETAGAN: Iridocyclitis, headache, transient ataxia, dizziness, lethargy, 
urticaria and pruritus. Decreased corneal sensitivity has been noted in 
a small number of patients. Although levobunolol has minimal 
membrane-stabilizing activity, there remains a possibility of decreased 
corneal sensitivity after prolonged use. The following additional adverse 
reactions have been reported with ophthalmic use of beta, and beta, 
(non-selective) adrenergic receptor blocking agents: BODY AS A 
WHOLE: Headache. CARDIOVASCULAR: Arrhythmia, syncope, heart 
block, cerebral vascular accident, cerebral ischemia, congestive heart 
failure, palpitation. DIGESTIVE: Nausea. PSYCHIATRIC: Depression. 
SKIN: Hypersensitivity, including localized and generalized rash. 
RESPIRATORY: Bronchospasm (predominantly in patients with pre- 
existing bronchospastic disease), respiratory failure. ENDOCRINE: 
Masked symptoms of hypoglycemia in insulin-dependent diabetics (see 
WARNINGS). SPECIAL SENSES: Signs and symptoms of keratitis, 
blepharoptosis, visual disturbances including refractive changes (due 
to withdrawal of miotic therapy in some cases), diplopia, ptosis. Other 
reactions associated with the oral use of non-selective adrenergic recep- 
tor blocking agents should be considered potential effects with 
ophthalmic use of these agents. OVERDOSAGE: No data are available 
regarding overdosage in humans. Should accidental ocular Overdosage 
occur, flush eye(s) with water or normal saline. If accidentally ingested, 
efforts to decrease further absorption may be appropriate (gastric lavage) 
The most common signs and symptoms to be expected with overdosage 
with administration of a systemic beta-adrenergic blocking agent are 
symptomatic brodycardia, hypotension, bronchospasm, and acute 
cardiac failure. Should these symptoms occur, discontinue BETAGAN 
therapy and initiate appropriate supportive therapy. The following sup- 
portive measures should be considered. 1) Symptomatic bradycardia: 
Use atropine sulfate intravenously in a dosage of 0.25 mg to 2 mg to 
induce vagal blockage. If bradycardia persists. Intravenous isoproterenol 
hydrochloride should be administered cautiously. In refractory cases 
the use of a transvenous cardiac pacemaker should be considered. 
2) Hypotension: Use sympathomimetic pressor drug therapy, such as 
dopamine, dobutamine or levarternol. In refractory cases the use of 
glucagon hydrochloride may be useful. 3) Bronchospasm: Use isopro- 
terenol hydrochloride. Additional therapy with aminophylline may be 
considered. 4) Acute cardiac failure: Conventional therapy with digitalis, 
diuretics and oxygen should be instituted immediately. In refractory 
cases the use of intravenous aminophylline is suggested. This may be 
followed, if necessary, by glucagon hydrochloride which may be useful. 
5) Heart block (second or third degree): Use isoproterenol hydrochloride 
Or a transvenous cardiac pacemaker. 
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Corneal Healing Following Laser Refractive Keratectomy 


Gerri L. Goedman, MD; Stephen L. Trokel, MD; Walter J. Stark, MD; 
Charles R. Munnerlyn, PhD; W. Richard Green, MD 


e A 193-mm excimer laser system was 
used to ablate 4.5-mm optically contoured 
zones in the corneal stroma of rabbits to 
achieve optical flattening of 2, 4, 8, and 16 
diopters. We studied the effect of edge 
profile and wound depth on reepithelial- 
ization and stromal remodeling using 
dichlorotriaziny! aminofluorescein, a vital 
dye that covalently binds to the stromal 
bed and delineates the boundaries of new 
collagen syrthesis. All the corneas reepi- 
thelialized; mo subsequent recurrent ero- 
sions occurred. Allseven corneas that re- 
ceived an ab:ation of less than 50 um were 
clear centraily at 8 weeks. At an ablation 
depth of aperoximately 100 um, opacifi- 
cation and scarring were observed biomi- 
croscepically and histopathologically in 
two specimens. No evidence of new colla- 
gen formation or epithelial hyperplasia 
was foundinany ofthe seven corneas that 
remained clear. Stromal remodeling was 
observed in the two corneas that exhibited 
scarring. 

(Arch Ophthalmol. 
1803) 


1989; 107:1799- 


Using am excimer laser to remove 
tissue from the anterior surface of 
the cornea zo alter its optical proper- 
ties was suggested in 1983 based on the 
observatior that a fraction of a micron 
of corneal tissue was removed with 
each pulse of 193-nm photons.' Fur- 
thermore, tne remaining corneal stro- 
mal tissue was undamaged. This idea 
was rigorously analyzed and calcula- 
tions showed that only small amounts 
of tissue were required to be removed 
to achieve a 1-diopter steepening or 
flattening cf the corneal surface.’ To 
achieve refractive change, however, a 
stable surface must be created. It is 
well knowr that the collagen of the 
corneal strama and epithelial cells can 
proliferate to compensate for defects 
that exist within the corneal mass. 
This prol feration has been studied 
recently and Tuft et al? have shown 
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that it occurs when sharply punched- 
out areas are created by tissue removal 
either when square-edged, deep ker- 
atectomies’ or large-stepped series of 
discs* are created. They created these 
ablations with 193-nm excimer laser 
exposures on rabbit corneas and dem- 
onstrated the formation of new colla- 
gen over the ablated area by labeling 
the stromal bed with dichlorotriaziny] 
aminofluorescein (DTA F).>56 

The variability observed’ in the 
healing of ablated rabbit corneas sug- 
gested that edge profile and wound 
depth are two potential variables that 
may influence the reparative process. 
This regrowth of collagen and epithe- 
lial thickening observed by Tuft et al’ 
may be the response of the cornea to an 
abrupt change in its edge contour. It is 
possible that if the tissue were re- 
moved with a gradual slope, this stro- 
mal proliferation and epithelial hyper- 
plasia would not occur. The creation of 
this gradually altered slope has be- 
come possible with the availability of 
an excimer laser system that can de- 
liver a series of circles of laser light 
whose number and size can be con- 
trolled. This excimer laser (VISX 
Twenty/Twenty) allows re-formation 
of the optical surface in single pulse 
steps. Since each of these steps is about 
0.25 um, or less than half the wave- 
length of light, a smoothly contoured 
edge can be achieved. 

The success of laser refractive kera- 
tectomy lies in the ability to produce a 
smooth lamellar bed that reepithelial- 
izes and heals without stromal re- 
growth. Unlike previous animal 
studies that removed cylindrical” or 
steep-stepped surfaces,’ we have used 
an ablation algorithm designed for 
clinical applications? to produce the 
desired recontoured surface, without 
abrupt changes, in rabbit corneas. We 
describe the pattern of reepithelializa- 
tion and stromal remodeling using the 
fluorescing vital dye DTAF to delin- 
eate new collagen synthesis, supple- 
menting conventional light and elec- 
tron micrographic analysis. 


METHODS AND MATERIALS 


Laser ablations were performed with an 
excimer laser (Twenty/Twenty Argon Flu- 
oride Excimer laser system, VISX Inc, 


Sunnyvale, Calif) Th s laser system is de- 
signed to remove a series of circles sur- 
rounding the visual axis on the anterior 
corneal surface. The aim is to remove suf- 
ficient material from Bowman’s layer and 
the stroma to permanently alter the optical 
power of the cornea’s anterior surface. 

The number and cistribution of these 
circles are calculated and are under soft- 
ware control designec to remove predeter- 
mined amounts ef cerneal tissue, as de- 
scribed in a previous article.* The laser ir- 
radiation factors for each of these steps 
include spatial unifommity of the beam to 
less than 5% and an irradiance of 160 mJ/ 
cm’. This produces a stromal ablation rate 
of approximately 0.26 um per laser pulse 
exposure. The laser firing rate was 5 Hz for 
a tissue removal rate of about 1.25 um/s. 
Calibration exposures were made on test 
polymethyl methacrylate disks prior to 
each corneal ablation -o allow standardiza- 
tion of the program. 

Nine albino rabbits had different optical 
surfaces carved om the central 4.5 mm of 
their corneas after mechanical removal of 
the corneal epithelium. To vary the edge 
profile and depth ef ablation, enough tissue 
was removed to create corneal flattening of 
2, 4, 8, and 16 D corresponding to approxi- 
mately 12, 24, 48, and 100 um, respectively.® 
Three eyes had su‘ticient tissue removed to 
create calculated dattening at 2 D and two 
eyes had sufficient tissue removed to create 
calculated flattenimg et 4, 8, and 16 D. The 
rabbits were anesthetized with intramus- 
cular injections ef 7 mg/kg of xylazine 
(Rompun) and 40 mg’kg of ketamine hy- 
drochloride. Topical ).05% proparacaine 
hydrochloride (Ophthetic) drops were in- 
stilled and the epithelium was mechani- 
cally removed. The stromal ablation pro- 
gram removes approxi nately 6 um/D at the 
central cornea. 

Immediately after tae ablation, the stro- 
mal bed was dyed wita a freshly prepared 
0.5% solution of DTAF buffered in 0.2 mol/ 
L of sodium bicarbonate. The DTAF co- 
valently binds to the exposed collagen, and 
any new collagen that is subsequently 
formed will not be stained. The surface was 
irrigated with buffered saline after 60 sec- 
onds. Polymyxin F sul:ate-bacitracin zinc- 
neomycin sulfate (Neosporin Ophthalmic 
Ointment) was appliee. 

Animals were exanmaned daily until the 
epithelium healed anc then weekly there- 
after by a veterinary ophthalmologist using 
the slit-lamp biom:croscope and fluorescein 
staining. Slit-lamp photography was per- 
formed immediately aad at 1 and 2 months 
postoperatively. One rabbit with 16-D abla- 
tion died at 3 weeks and one died at 4 weeks. 
Three rabbits (2, 4, and 8 D) were killed at 
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8 weeks by an intravenous injection (mar- 
ginal ear vein) of 0.5 mL of T-61 (embutra- 
mide diethyl m-methoxyphenethyl-4 hy- 
droxybutramide, 200 mg, Hoechst Roussel 
Agri-vets Co). The enucleated eyes were 
fixed in a solution of 1% glutaraldehyde in 
0.1 mol/L of phosphate buffer (at a pH of 
7.2) for 24 to 36 hours. Macrophotography 
was performed and the corneas were re- 
moved with a 360° circumlimbal incision. 
Half of each specimen was processed for 
light microscopy and stained with hema- 
toxylin-eosin, periodic acid-Schiff, or left 
unstained to be examined by epi-illumina- 
tion with the fluorescence microscope. 
The other half of the cornea was pro- 
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cessed for transmission electron micros- 
copy. The specimen was secondarily fixed in 
2.5% glutaraldehyde for 2 hours, washed 
with phosphate buffer, and postfixed in 2% 
phosphate-buffered osmium tetroxide for 2 
hours. For transmission electron micros- 
copy, further processing included standard 
dehydration and embedding in epoxy resin. 
Semithin (1-um) sections were stained with 
uranyl acetate-lead citrate. 


RESULTS 


All eyes exhibited a well-circum- 
scribed, clear disc with a uniform and 
velvety-smooth surface immediately 
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* DTAF indicates dichlorotriazinyl aminofluorescein; plus sign, yes; and minus sign, no. 
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after ablation. Half the eyes were fully 
reepithelialized by 72 hours and the 
remaining half continued to exhibit 
punctate epithelial staining to 6 days 
postablation by fluorescein staining. 
One eye with a 16-D ablation (approx- 
imately 100 um) developed an ulcer 
during the first postoperative week 
and proceeded to heal with the forma- 
tion of a fibrovascular scar. The second 
rabbit with a 16-D ablation became ill 
and a nonstaining corneal opacity de- 
veloped in the second postoperative 
week. No punctate staining could be 
identified by 2 weeks; no signs of sub- 
sequent erosions were seen. The gross 
appearance of the cornea and the his- 
topathologic findings are summarized 
in the Table. 

At 4 weeks, the 2-, 4-, and 8-D abla- 
tions showed reepithelialization with 
three to four epithelial cell layers (Fig 
1, left). Transmission electron micros- 
copy (Fig 1, right) of the 2-D (12-um) 
specimen showed the formation of 
basement membrane complexes and 
hemidesmosomes. There was no evi- 
dence of stromal remodeling on fluo- 
rescein-stained sections. The 8-D (48- 
um) specimen showed similar findings. 
The 4-D (24-um) specimen showed an 
area of superficial stromal scarring 
corresponding to an area of new colla- 
gen deposition on DTAF staining (Fig 
2) at the periphery of the ablated bed. 

At 8 weeks, all of the eyes were clear 
on gross examination. There were two 
2-D, one 4-D, and one 8-D specimens. 


Fig 1.—Four weeks after 2-diopter, 4.5-mm ablation. Left, Light micrograph (hematoxylin-eosin, original magnification X475). 
Right, Transmission electron micrograph (original magnification X60 000). There is reepitheliaiization with basement mem- 
brane complexes and hemidesmosomes. 
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Fig 2—Four weeks after 4-diopter, 4.5-mm ablation. Fluorescent 
microoraph (origina! magnification X320). An area of new collagen that 


p - 


is nonfluerescent lies above the brightly fluorescent original stromal bed 


and below the epimelium. 


Fig 4.—Eighi weeks after 2-diopter, 4.5-mm 
ablatiom. Left, Transmission electron micro- 
graph “original maenification X30000), 4 D. 
Note am area with eiscontinuities in the base- 
ment membrane ard the slightly disorganized 
orientation of the superficial collagen fibers. 
Right, Fluorescent micrograph (original magni- 
fication X320), 2 D There are a few layers of 
unstained coliagen ‘ibers. 


There was reepithelialization with 
nermeal cel! diff=rentiation and three 
to four epithelial cell layers (Fig 3). 
Transmission electron microscopy 
showed the fommation of basement 
membrane complexes and a regular 
arrangement ef hemidesmosomes. 
There was no evidence of stromal re- 
modeling on DTAF-stained sections. 
One 2-D and the !-D specimens showed 
areas with discentinuities and undu- 
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lations in the basement membrane 
complex with a more random array of 
collagen underlying the area (Fig 4, 
left), which was located near the pe- 
riphery of the wound edge, in this 2-D 
specimen. Fluorescein staining 
showed a few layers of unstained col- 
lagen corresponding to this area (Fig 4, 
right). 

The rabbit with the 16-D ablation 
that was ill died of sepsis 3 weeks 
after ablation. Gross examination of 
the treated cornea demonstrated a 
central area of subepithelial hazi- 





Fig 3.—Eight weeks after 2-diopter, 4.6-mm ablation. Light micrograph 
(hematoxylin-eosin, original magnification *400). 





ness. Microscopi examination (Fig 5, 
top left) revealed reepithelialization 
with four to five epithelial cell lay- 
ers. The basement membrane was in- 
complete and tere was a superficial 
stromal sear (Fg 5, top right) para- 
centrally. Unsteined sections exam- 
ined under fluorescent microscope 
with epi-illumimation (Fig 5, bottom) 
showed an area of new collagen (un- 
stained) lying between the epithe- 
lium (unstained and the original ab- 
lation site (staimed). 

The second rebbit with 16-D abla- 
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tion died at 4 weeks after ablation. 
Gross examination of the enucleated 
eye showed two paracentral opaque 
areas each approximately 1 X 1 mm, in 
the ablated area, and a fibrovascular 
pannus. On microscopic examination 
(Fig 6), the epithelium was thinned to 
three to four epithelial cell layers at 
the apex and thickened to approxi- 
mately six layers at the margin of the 
pannus. The fluorescent staining 
showed an area of new collagen over- 
lying the original ablation site. 


COMMENT 


Previous studies have shown that 
the excimer laser is capable of precise 
and accurate removal of the corneal 
stroma, leaving a smooth surface with 
good optical properties.” The forma- 
tion of a pseudomembrane''” follow- 
ing ablation seems to act as a template 
for orderly reepithelialization. Con- 
troversy still exists as to whether pho- 


1802 


torefractive keratectomy will produce 
a surface with good resultant optical 
properties and how the healing process 
will influence the stability of the in- 
duced changes over time. 


Marshall and associates’ created 
straight-walled ablations in rabbit 
and monkey corneas with the 193-nm 
excimer laser, producing well-healed 
regions with good optical quality, but 
the epithelium was hyperplastic over 
the ablated area. Square-edged disks 
created by Tuft and coworkers? in rab- 
bit eyes revealed that the epithelium 
migrated rapidly over the wound edges 
and covered the base, producing a lev- 
eling effect. McDonald and associates" 
used this excimer laser to ablate rab- 
bit eyes and showed that a larger 
number of steps at a higher fluence 
produced clear corneas in half of their 
specimens. 

In these studies we used a delivery 
system that removes a series of tissue 
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Fig 5.—Three weeks after 16-diopter, 4.6-mm 
ablation. Top left, Light micrograph (hematoxy- 
lin-eosin, original magnification X400). There 
are one to two layers of increased epithelial 
thickness and a superficial stromal scar. Top 
right, Transmission electron micrograph (orig- 
inal magnification X6000) shows the area of 
superficial stromal scarring. Bottom, Fluores- 
cent micrograph (original magnification X320). 
The unstained, newly synthesized collagen in- 
terdigitates with the stained, original stromal 
bed. 


circles surrounding the optical axis. 
Since the thickness of each circle of 
tissue removed is about one third the 
wavelength of light, a smoothly con- 
toured surface is produced when each 
successive circle is of aslightly smaller 
diameter than the preceding one. We 
observed no difference in the amount 
or thickness of reepithelialization 
among the rabbits with 2-, 4-, and 8-D 
ablations. Normal hemidesmosome 
formation was found in all speci- 
mens. 

Both 16-D specimens showed mild 
thickening of the epithelium in associ- 
ation with areas of fibrovasculariza- 
tion and infiltrates. 

It has been postulated that the depth 
of ablation plays a role in the healing 
processes of the animal models that 
have been studied? Marshall et al” 
created 3-mm-diameter disc ablations 
at depths to 130 um on monkey corneas 
and followed healing to 18 months. At 
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Fig 6.—Fourweeksafter 16-diopter, 4.5-mm ablation. Light micrograph (hematoxylin-eosin, orig- 
inal magnification *340) shows an area of hyperplastic epithelium overlying an area of fibrovas- 


cularization and inflammatory cell infiltrate. 


4 weeks only the 40-um ablations were 
clear. At 3 months, 60-um ablations 
were clear and there was progressively 
increasing-corneal clarity over the en- 
suing months at all ablation depths. 

In a study by Tuft and associates,’ 
terraced lenticular configurations 
with 12 concentric steps were created 
in rabbit eorneas. They observed hy- 
perplasia of the epithelium with depo- 
sition of new stremal collagen beneath 
the ablated areas. Reepithelialization 
proceeded and was thought to be nec- 
essary for the synthesis of connective 
tissue. The ameunt of new collagen 
proliferation was found by them to be 
stable 1 month after the ablation. 
Therefore, analysis at 8 weeks of cor- 
neas ablated te a new surface would 
seem to be sufficient to assess the 
degree of new cellagen formation. 

In our study, all corneas that re- 
ceived an ablation of less than 50 um 
were clear centrally by clinical evalu- 
ation and showed no collagen over- 
growth or infiltration at 8 weeks. The 
DTAF staining@enabled us to define the 
boundaries of tue new collagen syn- 
thesis accuratery and there was a 
strong correlatien between the clarity 
of the healed cornea and the absence of 
new collagen and epithelial hyperpla- 
sia. Dur results are consistent with 
those recently published by Hanna and 
associates in which they performed 
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excimer laser anterior keratomileusis 
(corneal reprofiling) in a rabbit model 
using a moving slit delivery system. A 
7.5-mm-diameter, 60-um ablation with 
a gradually sloped edge margin was 
created. They observed the epithelium 
to slide over the defect with a transient 
hyperplasia that normalized between 3 
and 12 weeks. Ultrastructurally, 
changes in the stromal collagen were 
limited to the anterior 4 or 5 um. 

At 16 D (a 100-um excision), both 
corneas exhibited opacification that 
was reflected in fibrous deposition in 
histologic sections. Both these animals 
died prematurely at 3 and 4 weeks and 
we are unable to comment on their 
longer-term healing and on whether 
the scarring was a direct consequence 
of the depth of ablation. 

The clinical application of laser re- 
fractive keratectomy depends on the 
ability to create a surface with good 
resultant optical properties that are 
stable over time. When the corneal 
surface is altered, it responds by at- 
tempting to re-create a new smooth 
surface by a combination of epithelial 
regeneration and stromal regrowth. 
By creating a smoothly contoured pro- 
file with the excimer laser in the ani- 
mal models discussed above, the epi- 
thelial regeneration creates a smooth 
corneal surface without hyperplasia. 
No stromal regrowth was found when 





the ablation depth was 60 um or less. 
To create lamellar keratectomies, 
whether for refractive or therapeutic 
indications, it is important to ascer- 
tain whether there is a critical abla- 
tion depth beyend which scarring will 
ensue. In this stucy, we have shown 
that for ablations tnat are less than 50 
um, no scarring, co lagen regrowth, or 
epithelial hyperplasia was observed. 
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Cell Division in the Healing of the 
Corneal Endothelium of Cats 


Nahum Landshman, MD, PhD; Arieh Solomon, MD; Michael Belkin, MD 


è The pattern of cell division of the cor- 
neal endothelium of cats was studied dur- 
ing the first week following scraping of 
35.2% to 38.3% of the endothelial cells. A 
small number of mitoses were found 2 
days after scraping (mean + SD, 
8.2 + 6.1 per cornea); the number peaked 
during the third and the fourth days 
(148.5 + 74.5 and 206.8 + 40.1, respec- 
tively), sharply decreased on the fifth day 
to a level of 17.0 + 9.5, and further de- 
creased on the sixth and seventh days to 
4.2 + 1.8 and 3.3 + 1.5 mitoses per cor- 
nea, respectively. Due essentially to ami- 
totic cell division, a multinuclear cell pop- 
ulation, mainly binuclear, appeared and 
increased to a number of 3999 + 746 and 
3129 + 877 on the sixth and seventh 
days, respectively, after scraping. Thus, 
mitotic and amitotic cell division is an 
integral part of the posttraumatic regen- 
eration process of the corneal endothe- 
lium of cats. 

(Arch Ophthalmol. 
1808) 


1989; 107:1804- 


The healing of the mammalian cor- 

neal endothelium following injury 
or physiological loss of cells occurs as 
a result of growth in size and migra- 
tion as well as division of the surviving 
cells.'? After trauma the endothelium 
of lower mammals (eg, rodents) ex- 
hibits DNA synthesis in most cell 
nuclei,” followed by mitotic and ami- 
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totic division of these cells.°*'!* Due to 
extensive cellular proliferation, the 
endothelial layer is restored almost to 
its normal state.'? The corneal endo- 
thelium of higher mammals (eg, car- 
nivores, primates), including humans, 
does not possess similar high regener- 
ative capacity, and endothelial cell di- 
vision is rarely encountered after 
trauma.**’*'*'§ Amitotice division, ie, 
direct cleavage of the cell nucleus 
without spindle formation or appear- 
ance of chromosomes, also occurs. 
Some amitotic nuclear cleavages are 
followed by cell body division. The rel- 
atively small number of new cells, 
formed either mitotically or amitoti- 
cally, are insufficient to restore the en- 
dothelial layer. To compensate, the 
surviving endothelial cells enlarge and 
migrate’? to cover the denuded area 
of Descemet’s membrane. 

Quantitative evaluation of the role 
played by mitotic and amitotic cell di- 
vision in endothelial healing is the 
subject of the present report. These 
data provide a numerical baseline for 
corneal endothelial healing in cats, the 
animal model most commonly used in 
this type of research. 


MATERIALS AND METHODS 
Animals 


Adult street cats weighing 2.9 to 3.2 kg 
were used. Before operating on and killing 
them, the animals were anesthetized by an 
intramuscular injection of ketamine hydro- 
chloride (17.0 mg/kg) and xylazine hydro- 
chloride (3.5 mg/kg). followed by subcu- 
taneous injection of atropine sulfate 
0.03 mg/kg). Four to six eyes were enucleated 
at the same time” every day of the first week 
as well as 3 months after the endothelial 
scraping operations. The control group 
comprised five normal eyes not operated on. 





Five other eyes that developed inflamma- 
tion after the scraping were not used in the 
investigation since inflammation reduces 
the rate of endothelial cell division.” 


Endothelial Scraping and Quantification 
of Denuded Area 


The method of removing a quantifiable 
area of endothelium without affecting De- 
scemet’s membrane has been previously de- 
scribed.” All corneas used in this experi- 
ment were of the same diameter and curva- 
ture, ensuring that the same fraction of 
endothelium was scraped off in each eye. 
The scraped fraction of the total endothe- 
lial layer was calculated as a percentage, 
using the appropriate formula.” In all eyes, 
between 35.2% + 0.9% and 38.3% + 0.7% 
(mean + SD) of Descemet’s membrane was 
denuded (Table). This area was resurfaced 
by endothelium within 4 days of the opera- 
tion. 


Histologic Features and Cell Counting 


Flat preparations of the corneal endo- 
thelium were prepared and impregnated by 
silver nitrate and stained by Harris’ 
hematoxylin.” On the entire area of the en- 
dothelial layer of each cornea, the total 
number of mitoses and multinuclear cells 
were counted. The number of nuclei in each 
multinuclear cell was also counted. The 
distribution of multinuclear cells in the pe- 
ripheral zone with its little-modified endo- 
thelium and the central zone with the many 
enlarged endothelial cells was also investi- 
gated. 


RESULTS 

Mitoses 
In corneas not operated on, as well as 
during the first day after endothelial 
scraping and 3 months later in those 
operated on, no endothelial mitoses 
were found. A small number of mito- 
ses, from 4 to 19 (mean + SD, 
8.2 + 6.1), were counted 2 days after 
the trauma. The number of mitoses 
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Multinuclear Cells per Cornea, Total No. (%) 

—_— ee —~-; .—— oqy_qqa ee —_ 
Multinuclear 
Cells in the 

Peripheral Zone 


No. of 
Mitoses 
ina 
Cornea 


Cells 
With 3 
Nuclei 


Cells With 4 
and More 
Nuclei 


Scraped 
Time After No. of Area, 
Scraping, d ‘Corneas % 


Bi-nuclear 
Cells 


9+8 (100.0) 


24 (85.8) 
142 (91.4) 


+ 6 (11.3) 
$41 €F, 1) 
208 (88.5) + 25 (9.1) 
151 (88.4) 27 (8.5) 
160 (88.8) : + 
610 (87.9) 132 (8.6) 139 
683 (87.2) 129 (9.5) 103 
238 (91.7) 30 (5.8) 21 


30 
81 128 (51.8) 
85 (52.2) 

147 (55.7) 
2325 + 431 (58.1) 
1573 + 422 (50.3) 


60 + 22 (6.3) 


165 1391 
193 1776 
746 3516 
877 2728 





Fig 1.—Three days after trauma, all phases of mitosis are observed: prophase (open arrow), 
metaphase (two op=n arrows), anaphase (two closed arrows), and telophase (closed arrow). Top 
left and top right, many mitoses are seen in a single field (silver impregnation-hematoxylin, orig- 
inal magnification 3320). 


was markedly increased on the third 
day to values between 55 and 264 
(148.5 + 745) and on the fourth day to 
values between 155 and 266 
(206.8 + 401) (Tig 1). The number of 
mitoses sharply declined to values be- 
tween 9 and 31 (17.0 + 9.5) on the fifth 
day and between 2 and 9 (4.2 + 1.8) on 
the sixth day, waile on the seventh day 
the number of mitoses in one cornea 
varied from 2 te 5 (3.3 + 1.5) (Table). 
In all the eorneas all mitotic phases 
were observed (fig 1). There were no 
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mitoses that were not completed by 
actual cell division. As a rule, the new 
cells were smaller than the surround- 
ing cells. All mitoses were adjacent to 
the denuded area of Descemet’s mem- 
brane. 


Multinuclear Cells and Amitosis 


The number of binuclear endothelial 
cells in normal corneas not operated on 
was small (mean + SD, 9 +8). No 
cells with more than 2 nuclei were ob- 
served in these corneas (Fig 2). A day 
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Fig 2.—Normal cornea endothelium contain- 
ing one binuclear cell (arrow) (silver impregna- 
tion-hematoxylin, orginal magnification 
X320). 


after the endothelial scraping, the 
number of multinudear cells in a sin- 
gle cornea increasec to 67 + 32, while 
in the following days their number 
grew rapidly to 2999 + 746 on the sixth 
day and 3129 + 877 on the seventh day 
(Table). The majority (85.8% to 91.4% ) 
of all multinuclear cells in the healing 
endothelium were binuclear. The per- 
centage of cells with 3 nuclei was 7.3% 
to 11.4%, and 1.4% to 3.7% of the cells 
had 4 or more nucle. Cells with 3 to 5 
nuclei appeared on the very first day 
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after the endothelial scraping, and 
cells with 6 nuclei appeared on the 
third day. On the sixth and the seventh 
days, cells with 7 to 15 nuclei were ob- 
served (Fig 3). In 3 distinct cells 30, 37, 
and 60 nuclei were found (Fig 4). Dur- 
ing the first week after scraping, the 
multinuclear cells were evenly distrib- 
uted between the central and periph- 
eral zones, the multinuclear cells in the 
corneal periphery being smaller than 
those in the central zone. 

Three months after the endothelial 
scraping, the number of multinuclear 
cells declined fourfold in comparison 
with the situation at the end of the 
first week after injury (Table). At that 
stage the multinuclear cells were 
mainly binuclear (91.7% ), although a 
few giant cells with 7 to 15 nuclei were 
observed as well. The distribution of 
multinuclear cells at this stage was 
markedly different from that 1 week 
after injury, in that only 6.3% of them 
were in the endothelial periphery, 
whereas all the other multinuclear 
cells were in the central zone. 

Amitotic division of the corneal en- 
dothelium nuclei was found to occur 
during the entire postoperative period 
with a peak on the sixth and seventh 
days (Fig 5). No amitotiec divisions of 
the cell bodies were observed. Endo- 
thelial cells with giant nuclei were 
commonly found (Fig 6), especially 
from the third day after scraping, as 
well as 3 months later. 


COMMENT 


The damaged corneal endothelium 
of higher mammals, including hu- 
mans, does not regenerate completely 
after trauma; its healing is mainly by 
enlargement of its cells as opposed to 
cell division.'**** Thus, the continuity 
of the endothelial layer is reestab- 
lished while the total number of cells 
and their density are reduced.'"’ Re- 
cent data suggest that damaged endot- 
helial cells of carnivores, primates, 
and humans can divide in vitro'**”’ as 
well as in vivo’®!*'82’ but at a much 
lower rate than those of rodents. This 
raises the question whether cell divi- 
sion is an integral component of 
healing of the corneal endothelium 
in higher mammals, including hu- 
mans.”!?-8 

Similarly to other investigators, we 
found mitoses neither in the normal 
undamaged endothelium in the highly 
regenerative cornea of rabbits*!0!2!923 
and rats’ nor in that of humans.’ It is 
possible that the mitoses found in the 
endothelium of the elderly” are due 
to a reaction to age-related cell loss. 
Similarly to other investigators,” we 
did not observe any mitoses 24 hours 
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Fig 3.—Cells each containing many nuclei. Left, 7 days after trauma, a cell with 10 nuclei is seen 
(arrow). Right, 6 days after trauma, a cell with 12 nuclei (arrow) and cells with 2, 3, 4, and 5 nuclei 
are seen (silver impregnation-hematoxylin, original magnification X320). 
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Fig 4.— Six days after trauma, a multinuclear cell with 37 nuclei is seen (silver impregnation-he- 
matoxylin, original magnification X320). 


after endothelial trauma in cats. A 
small number of cells undergoing mi- 
tosis, however, were observed 48 hours 
after the scraping. The number of mi- 
toses increased sharply on the third 
and fourth days and declined abruptly 
on the fifth day, while on the seventh 
day only a few mitotically dividing 
cells were detected. The sharp decrease 
in the number of mitoses on the fifth 
day coincided with the completion of 
full coverage of the denuded Desce- 
met’s membrane by the endotheli- 
um.‘ We found the maximal mitotic 
division rate on the third day after the 


trauma of the corneal endothelium as 
was previously reported.” This fact 
indicates a species-specific rate of mi- 
tosis. This rate is higher in rabbits and 
rats in which the maximum mitotic 
rate occurs within 1 day*#*!!!345 gp 25 
after the injury. There were no mitotic 
endothelial cell divisions 3 months af- 
ter trauma, when the morphologic 
state of the endothelium is settled but 
far from normal. Thus, abnormality of 
the endothelial layer structure as such 
is insufficient for triggering the mi- 
totic process. For mitosis to occur, an 
additional strong trigger, such as 
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Fig 5.—Amutotic divisions of nuclei in endothelial cells. Left, 4 days after trauma, amitosis is seen 
in pesiphere zone arrow). Right, 6 days after trauma, amitoses are seen in a central zone (ar- 
rows) (silver impreenation-hematoxylin, original magnification X320). 


trauma and denudation of Descemet’s 
membrane, is necessary. Interestingly, 
mitoses were observed only in the cen- 
ter of the cornea, ie, close to the trau- 
matized area, whereas no mitoses were 
found in the peripheral, uninjured 
zone. It seems that the factor that ini- 
tiates the mitotic process is triggered 
by trauma, acts ocally in a limited re- 
gion, and does net spread far from the 
lesion. 

The amitotically dividing nuclei 
were not countee since they are not al- 
ways easily distinguishable from the 
norma! nuclei, especially at the earlier 
stage of amitosis, because the configu- 
ration of normal nuclei might be al- 
tered by the fixation.” This might be 
the reason that, to the best of our 
knowledge, no eount of amitotically 
dividing nuclei in the cornea has ever 
been reported. We therefore counted 
the number of multinuclear cells, at 
leasta large proportion of which were 
produced by amitotic division of 
nuclei,’**? and used these data as an 
indirect indicator of the nuclear ami- 
tosis rate. Since 210 incomplete mitotic 
divisions ef the cell bodies were ob- 
served in the damaged cat endothe- 
lium and all the endothelial cells with 
nuclei at late telophase were deeply 
laced up, ie, on the threshold of full di- 
vision, mitotic division could not have 
preduced multmuclear cells. The 
multinuclearity, however, might be a 
result of tae comescence of the endo- 
thelial celis.**> However, coalescence 
occurs only during the first day after 
trauma, when the cell structure is se- 
verely damaged but the cell is viable 
and its regeneration and ultimate sur- 
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vival depend on coalescence with an- 
other cell. In the present study we 
demonstrated that most of the multi- 
nuclear cells appear only a few days 
after the trauma; therefore, most of 
them could not have been produced by 
coalescence. Furthermore, half of the 
multinuclear cells were found far from 
the traumatized area in the peripheral 
zone, where, it may be presumed, the 
extent of cell damage was insignifi- 
cant. It may be concluded, therefore, 
that the majority of the multinuclear 
cells are produced by amitotic division 
of their nuclei. 

Only a very small number of binu- 
clear cells were observed in the normal 
cat endothelium. A few multinuclear 
cells were present 1 day after the 
injury. The number of these cells grew 
rapidly between the second and sixth 
to seventh days, reaching a maximum 
value of 4000 per cornea. Even assum- 
ing that these new multinuclear cells 
do not divide into mononuclear cells, 
the numbers grew in daily increments 
from 354 at the beginning of the first 
week after the injury to 2000 at its end, 
probably by amitosis as described 
above. This indicates that the process 
of amitotic division is very active after 
injury in the corneal endothelium of 
cats. 

Though most multinuclear cells 
found were binuclear (87.2% to 91.4% ), 
at the sixth and seventh days after 
scraping, a few cells with a large num- 
ber of nuclei were found, some of them 
with up to 60 nuclei. These multinu- 
clear cells are probably also a result of 
amitotic division.'* 

Unlike mitoses, multinuclear cells 
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Fig 6.—Seven days arter trauma, a giant nu- 
cleus (arrow) is seen in the endothelial cell 


(silver impregnation-hematoxylin, original 


magnification X320). 


were observed not only in the central 
injured zone but also in the corneal 
periphery. Thus, it might be assumed 
that the posttraumatic onset of amito- 
sis is stimulated either by some im- 
pulse different from the one that trig- 
gers the mitotic process or by the same 
stimulus that becomes altered at a 
distance from its arigin. = 
Some cells of the regenerated endo- 
thelium contain giant nuclei. These 


cells were prev ously considered to be | 


macrophages, resulting from endothe- 


lial cell metaplasia ° However, we did | 


not observe any absorbed particles in 
the cytoplasm of these cells, as is usu- 
ally the case with macrophages. 
Hence, we assume chat the formation 
of giant nuclei due to coalescence of 
normal ones" is more likely. Perhaps 
these giant nucki are produced 
through polyplaida. division as well, ie, 
through multiplica`ion of the chromo- 
some sets not followed by the subse- 
quent nuclear division. 

Similarly to other investigators,” 
we did not observe amitotic divisions 
of the endothelial cell bodies but only 
nuclear amitoses. Thus, to get at least 
indirect evidence ef these cell divi- 
sions, the corneal endothelium of the 
cat was investigated 3 months after 
scraping. The number of multinuclear 
cells in the endothelium at this time 


after the trauma was 3.5 to 4 times © 


lower than the corresponding number 
6 to 7 days after the injury. The disap- 
pearance of sueh = large number of 
cells could hardly be explained by their 
death. More prcbatly, it is due to the 
division of multinuclear cells into 
mononuclear ones, possibly by cleav- 
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age, which begins from the cell bases 
and proceeds toward the surface. Thus, 
this process is not visible in our prep- 
arations. 

The number of the multinuclear 
cells in the peripheral zone declines 
sharply from 44.2% to 58.1% during 
the first week after scraping to 6.3% 3 
months after the trauma. Possibly, 
these cells move slowly into the central 
zone, though it is difficult to imagine 
their movement for such a distance 
through other endothelial cells. More 
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likely, the division of the peripheral 
multinuclear cells, which are rela- 
tively small, into mononuclear cells is 
more facile than the division of the 
large multinuclear cells in the central 
endothelium. 

The quantitative data obtained in 
the present investigation demonstrate 
that cell division is an integral compo- 
nent in the posttraumatic healing of 
the corneal endothelium of cats. Cell 
division plays a certain role in the 
healing of the endothelium of 
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Barbiturates Protect Retinal Cells from 


Hypoxia in Cell Culture 
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èe A culture system was used to screen 
for drugs that cam orotect mammalian ret- 
inal cells fom damage induced by hy- 
poxia. Using a special incubator, cultures 
could be made Pypoxic for defined peri- 
ods. Phase contrast photomicroscopy fa- 
cilitated comparisen of retinal cells before 
hypoxia ane 1 to days after hypoxia. Us- 
ing 2- to 3-week-ovd cultures, certain glu- 
tamate antagonists, anesthetics, calcium 
biockers, and tmmpental sodium were 
screened for their effect in protecting 
cells from hypox=. The most remarkable 
effect was noted with thiopental. Quanti- 
tative measurements showed a significant 
increase in the percent of cells surviving 
after exposure toshypoxia in the presence 
of 100 moi L of thiopental sodium com- 
pared with confel hypoxic cultures— 
82% vs 59% at 4E hours. A dose-response 
curve demenstrated maximal effect at 
50 pmol/L of thiopental sodium, with toxic 
effects noted at 20D umol/L of thiopental 
sodium. Our resutts show that thiopental 
reduces hypexia-mmuced damage to reti- 
nal cells in eulture. 

(Arch Cphthamol. 
1812) 


1989; 107: 1809- 


F rom studies ef various parts of the 

central nervas system, a variety of 
classes of drugs have been suggested as 
being potentially beneficial in the re- 
duction of hypox e damage. Drug types 
of possible valee include glutamate 
antagenists, caldum channel blockers, 
anesthetics and barbiturates.'> Is- 
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chemia is a complicated process in- 
volving not only hypoxia but also loss 
of nutrients and accumulation of cata- 
bolic products. It may be that some 
pharmacologic agents will be found 
helpful in preventing damage from re- 
duced oxygen levels and others from 
injury due to metabolic alterations in- 
duced by ischemia. Unfortunately, 
present in vitro and in vivo models of 
retinal vascular insult cannot separate 
ischemia from hypoxia and are diffi- 
cult to use in a mass screening for 
drugs that may be beneficial in pro- 
tecting retinal cells from these forms 
of insults. Because of this need, we 
have developed a cell culture system to 
screen for drugs that might protect 
mammalian retinal neurosensory cells 
from damage induced by hypoxia. 
With an in vitro system, drug concen- 
trations are known, durations of drug 
exposure are controlled, and the ef- 
fects of hypoxia can be dissociated 
from ischemia-induced metabolic 
changes. Herein we report that the 
barbiturate thiopental sodium can 
help prevent hypoxic damage to reti- 
nal cells in culture. 


METHODS 


Retinal cells were prepared using a mod- 
ification of a method developed by Sheffield 
and Moscona.* The eyes of postnatal day 1 
Sprague-Dawley rats were placed in a 
60-mm Petri dish containing 6 mL of a so- 
lution of Dulbecco’s phosphate buffer with- 
out calcium or magnesium. Retinas were 
dissected from the eyes with the aid of a 
stereomicroscope (X12), and then incu- 
bated in 6 mL of a solution of Dulbecco’s 
phosphate buffer without calcium or mag- 
nesium containing 0.05% trypsin (crystal- 
lized X3, Worthington, Freehold, NJ) for 22 
minutes at 37°C. Trypsinized tissue was 


then centrifuged, and the supernatant was 
discarded. The retinal tissue was resus- 
pended in 6 mL of medium A that is 
composed of 45% Ham’s F-12 medium 
(Gibco, Grand Island, NY), 45% Dulbecco’s 
modified Eagle’s medum (Gibco) and 10% 
dialyzed fetal bovine serum (Gibco). The 
cells were dissociated mechanically by pi- 
petting the tissue 12 times with a large-bore 
10-mL pipette. At least 95% of the cells 
were as single cells. Cell viability, as deter- 
mined by trypsin blue dye exclusion, was 
greater than 90%. A suspension of 5 X 10° 
cells in 1.5 mL of mecium A was added to 
each collagen-coated 35-mm Petri dish 
(Falcon, Lincoln Parz, NJ). Some dishes 
had a grid containing a 26 X 26 array of la- 
beled squares (each square 308 X 308 um) 
imprinted on their bo-toms. Cultures were 
incubated without mavement at 37°C in a 
humidified atmosphere of 5% carbon diox- 
ide-95% air. Cultures were fed fresh me- 
dium daily. By 2 weeks of culture there was 
a complex arrangemert of neuriticlike pro- 
cesses that extended fom retinal cells that 
had diameters of 5 to 15 mm and rested on 
a mat of flat cells. 

For hypoxia experiments, retinal cells 
that had been in culture for 2 to 3 weeks 
were used. A few minutes before exposure 
to a hypoxic envirenment, the medium was 
replaced by 1.5 mL of esh medium A with 
or without selected additives, such as thio- 
pental, lidocaine, and others. A specially 
designed chamber (Billups-Rothenberg, 
DelMar, Calif) was used to provide a hy- 
poxic environment. After dishes containing 
retinal cell cultures were placed in the spe- 
cially designed chamber, the chamber was 
flushed for 30 minutes at 37°C either with 
5% carbon dioxide-95% nitrogen to reduce 
the oxygen level or with 5% carbon dioxide- 
95% air to maintain controlled conditions. 
Measurement by a oblatinum electrode 
(Teledyne Analytical Instruments, City of 
Industry, Calif) demonstrated that the ox- 
ygen level was less than 0.005% after the 
period of flushing with the carbon dioxide- 
N, gas. After this zas lush, the chambers 
were sealed and maintained at 37°C. The 
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cultures were left in the chambers for 5 
more hours. After removal from the cham- 
bers, the cultures were fed 1.5 mL of fresh 
medium A and returned to the carbon diox- 
ide incubator used prior to the experiment. 

Qualitative comparisons between control 
and experimental cultures were made by 
examining the plates by phase contrast mi- 
croscopy. For quantification of retinal cells 
the number of cells with diameters of 5 to 
15 um were counted before and after hy- 
poxia. By plating retinal cells on a grid con- 
taining 676 labeled squares, it was possible 
to count cells in the same squares before 
and after hypoxia. For counting, the cul- 
tures were viewed at X156 with a phase- 
contrast microscope. A reticule in one of the 
eyepieces of the microscope helped with the 
task of counting by dividing each square 
into three sections. Squares with at least an 
80% confluence of flat cells at all counting 
sessions were used. Generally, each square 
counted contained 100 to 200 retinal cells. 
For each dish, cells in at least three squares 
of the grid were counted. 


RESULTS 


To help identify drugs that may 
protect against hypoxic damage, 2- to 
3-week-old cultures of neonatal rat 
retinal cells were exposed to hypoxic 





conditions in the absence or presence 
of various drugs. A rapid, qualitative 
screening assay was used to compare 
the extent of neuriticlike processes in 
experimental and control groups. Fig- 
ure 1A shows a rich plexus of fine, 
neuriticlike processes in a culture 
prior to hypoxia. After a 5.5-hour hy- 
poxic period, there was a profound loss 
of these processes (Fig 1B). Using this 
qualitative screening technique, the 
effects of the following were surveyed: 
glutamate receptor antagonists, 
1 mmol/L and 10 mmol/L of D-gamma- 
glutamyl glycine and 1 mmol/L of D-2- 
amino-5-phosphonovaleric acid; cal- 
cium channel blockers, 1 umol/L and 
0.1 umol/L of nifedipine and 1 wmol/L, 
0.1 umol/L, and 0.5 umol/L of verap- 
amil; a local anesthetic, 1 mmol/L, 
0.1 mmol/L, and 10 umol/L of lidocaine 
hydrochloride; and a barbiturate, 100 
umol/L of thiopental sodium. When 
thiopental was present during the hy- 
poxic period, many neuritic processes 
remained (Fig 2). We did not detect 
nearly as dramatic an effect with the 
other drugs tested. 
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Fig 1.—Phase-contrast photomicrographs of retinal cells before (A) and immediately after (B) ex- 
posure of retinal cells to hypoxia. The cells were on the “FV” square of a grid imprinted on the 
Petri dish (see ‘“‘Methods” section). The bar in A shows 20 umol/L. 





Fig 2.—Phase-contrast photomicrograph of retinal cells before (A) and immediately after (B) ex- 
posure to hypoxia in the presence of 100 umol/L of thiopental sodium. The cells were on the “AV” 
square of the grid imprinted on the Petri dish. The bar in A shows 20 pmol/L. 
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To further assess the beneficial ef- 
fects of thiopental, a quantitative mea- 
surement of hypoxic damage to the 
retinal cell cultures was required. 
While the preservation of retinal cell 
processes proved to be a morphologic 
feature allowing a quick, qualitative 
assessment, quantification of the num- 
ber of processes proved difficult. For 
quantification of hypoxic damage, the 
counting of retinal cells before and 1 
and 2 days after hypoxia was per- 
formed (Tables 1 and 2 and Fig 3). Un- 
der control conditions, the percent of 
retinal cells remaining after 1 and 2 
days was 96% and 90%, respectively. 
In contrast, only 59% of the retinal 
cells remained at 2 days after hypoxia. 
This was a significant reduction 
(P < .001, Student’s t test). However, 
in the presence of 100 uwmol/L of thio- 
pental sodium, hypoxic cultures had 
significantly less cell loss (P < .001, 
Student’s ¢ test). 

The presence of thiopental during 
hypoxia was correlated in a dose-de- 
pendent manner with a preservation of 
retinal cells (Fig 4). The half maximal 
concentration was approximately 15 
umol/L. A maximal effect occurred 
with 50 umol/L of thiopental sodium. 
The difference in percent cells remain- 
ing in the absence of thiopental vs 50 
„mol/L of the drug was very marked 
(P < .001, Student’s t test). The bene- 
ficial effect was also indicated by the 
finding that the percent of cells re- 
maining after 48 hours of hypoxia with 
50 umol/L of thiopental sodium was 
not statistically different than in con- 
trol cultures not exposed to hypoxia 
(P = .82, Student’s ¢ test). Thiopental 
is not without possible damaging 
effects since concentrations of 
200 umol/L or greater were toxic to the 
cultured retinal cells, as evidenced by 
a loss of processes and cell loss in cul- 
tures not exposed to hypoxic condi- 
tions. 


COMMENT 


Our results show that thiopental re- 
duces hypoxia-induced damage to rat 
retinal cellsinculture. Previously, thio- 


Table 1.—Percent of Cells Remaining 
at 24 Hours 
No. of 
Cultures Mean SD SEM 


Control 18 96° 3 1.3 
Hypoxia 
No thiopental 24 77 r 28 
Thiopental sodium, 

100 umol/L 8 91° 5 29 
Thiopental sodium, 


50 umol/L 





* Significantly different from hypoxia without thio- 
pental at P = .001 (Student's t test). 
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pental was noted to decrease cell 
death in pressure-induced hypoperfu- 
sion of the rabbit retina in vivo; how- 
ever, thiepental was given systemi- 
cally after cessation of the insult and 
may have kad an effect on retinal 
reperfusion rather than a direct pro- 
tective effec: on retinal cells.’ Addi- 
tionally, Olney et al? have shown that 
in avascular chicken embryonic retina, 
exposure to hiobarbiturates prevents 
ischemic-hy»voxic damage. Our study 
complements theirs in several ways. 
First, it confrms their work in a mam- 
malian retinalsystem. Second, their in 
vitro chick embryo retina model is 


helpful in showing histopathologic 
changes but it is a difficult system for 
quantitating cell loss and generating 
dose-response curves for drugs. In our 
system, retinal architecture is lost, so 
it is difficult to know which types of 
neural cells are preserved, but it is an 
easy technique for quantitating cell 
loss and for generating the multiple 
determinations needed for dose- 
response curves. Last, our model did 
not have glucose deprivation showing 
that thiopental is a protective agent of 
hypoxia-induced damage. The findings 
of Olney et al and our observations 
strongly indicate that thiopental can 
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Fig 3.—Percent of retinal cells remaining at 24 and 48 hours under control conditions, after hy- 
poxia in the absence of thiopental, and after hypoxia in the presence of 100 umol/L of thiopental 
sodium. Mean values are shown with the bars indicating the SEs. The differences at 24 and 48 
hours betweennypoxia alone and hypoxia plus thiopental were statistically significant (P < .001, 


Student's ttes). 
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Fig 4.—Dose-response curve for the effect of thiopental on the percent of retinal cells remaining 
at 48 hours after exposure to hypoxia. Points show the mean; bars, SEs of greater than 2%. 
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have a direct effect on retinal cells re- 
sulting in less damage during a period 
of severe hypoxia. 

The mechanism by which thiopental 
protects retinal cells from hypoxia is 
unclear. The possibility that this bar- 
biturate nonspeciñcally anesthetizes 
the retinal cells and thus reduces their 
metabolic demands may be too sim- 
plistic, since use of the anesthetic 
lidocaine was witħout detectable ben- 
eficial effects in eur culture system. 
Furthermore, studies on the cerebrum 
suggest that although thiopental does 
reduce certain metabolic processes, 
the basic metabolic requirements for 
maintaining cell integrity are not re- 
duced by the drug.” Also, Mitchen- 
felder and Theye'’ have concluded that 
thiopental has a different mechanism 
of action than hypothermia, which is 
known to reduce all energy require- 
ments for the cell. The possibility that 
thiopental may block the action of 
glutamate is of interest since in- 
creased levels of the neurotransmitter 
have been postulated to mediate hy- 
poxic damage in eertain parts of the 
brain and eye.”!''* Of further interest 
is that studies on the turtle retina 
suggest that thiepental inhibits the 
toxic effects of a glutamate agonist." 
However, we found that specific gluta- 
mate antagonist, D-gamma-glutamyl 
glycine and D-2-amino-5-phosphono- 
valeric acid, appeared to be less effec- 
tive than thiopental in protecting the 
retinal cells from hypoxic damage in 
our culture system. Further work is 
needed to clarify arelationship, if any, 
between the thiopental effect reported 
herein and glutamate toxicity. 

Alternative molecular mechanisms 
for the action of thiopental include a 
role as a peroxide scavenger or blocker 
of calcium fluxes.'™’ These may be im- 
portant actions because hypoxic dam- 
age may be associated both with the 
release of peroxides that are lytic to 
cell membranes and with a calcium in- 
flux that can irreversibly injure cells. 


Table 2.—Percent of Cells Remaining 
at 48 Hours 
No. of 
Cultures Mean SD SEM 










Control 22 90° 6 43 
Hypoxia 

No thiopental 28 59 12: ee 
Thiopental sodium, 

100 umol/L 8 B2° 2 2: tae 
Thiopental sodium, 

50 umol/L 13 867i 7.20 
Thiopental sodium, 

10 pmol/L 5 66." 12), 6.6 
Thiopental sodium, 






1 umol/L 





* Significantly different#from hypoxia without thio- 
pental at P = .001 (Student's t test). 
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Future studies on retinal cells in cul- 
ture may help to elucidate the mecha- 
nism by which thiopental protects 
against hypoxic damage. 

New medical techniques are evolv- 
ing for lysis of thrombi in blood ves- 
sels. For example, it appears that tis- 
sue plasminogen activator and other 
thrombolytic agents may be beneficial 
for certain ocular vascular diseases." 
However, these agents take time to 
work and during these minutes the 
retina is undergoing ischemic and hy- 
poxic damage. It is clear that protec- 
tion of the retina during short- and 
long-term periods of hypoxia is impor- 
tant. 
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Cell cultures have proved helpful in 
understanding more about the patho- 
biologic features of a variety of cell 
types, such as retinal pigment epithe- 
lium. It appears that retinal neurosen- 
sory cell cultures could prove useful as 
a first step in screening for the retinal 
toxicity of certain drugs, as well as as- 
sessing their possible usefulness in 
conditions such as hypoxia. Our cul- 
ture system was applied to testing 
drugs that might be efficacious in re- 
ducing hypoxic-induced damage. We 
found that thiopental can have a direct 
protective effect against hypoxia. In 
vivo experimentation should be per- 
formed to extend these observations. 
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system may hasten the discovery of 
drugs that can protect the retina from 
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terfering with the normal function of 
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Edited by Malcolm N. Luxenberg, MD 


The Evolution of Salmon-Patch Hemorrhages in 
Sickle Cell Retinopathy 


A 8-year-old black girl with hemoglobin 

SC disease was found to have back- 
ground sickle cell retinopathy. During a 
9-year follow-up, she developed multiple 
salmon-patch hemorrhages in the retina, 
providing an opportunity to document pho- 
tographically the evolution of salmon- 
patch hemorrhages in sickle cell retinopa- 
thy. 


COMMENT 


The characteristic salmon-patch 
hemorrhage in sickle cell retinopathy 
is usually found in the midperipheral 
fundus adjacent to a retinal arteriole.’ 
Clinical evidence suggests that salm- 
on-patch hemorrhages occur when 
aggregated sickled erythrocytes 
abruptly occlude an arteriole, causing 
a subsequent “blowout” of the vessel 
wall, presumably from ischemic 
necrosis.’ The hemorrhage usually re- 
mains confined within the sensory ret- 
ina, but occasionally the blood will leak 
through the internal limiting mem- 
brane or into the subretinal space. 

Initially, the hemorrhages are bright 
red, but within a few days, they adopt 
the orange-red (salmon) color (Fig 1, 
top) for which they are named. Within 
weeks, the lesions evolve into yellow or 


yellow-white nodules or plaques (Fig 1, 
center). Resolution may result in a 
retinoschisis cavity (Fig 1, bottom), a 
pigmented retinal scar (Fig 2), or only 
a focal patch of thinned retina. 

The retinoschisis cavity may contain 
refractile copper-colored granules and 
is called an iridescent spot. These 
granules represent hemosiderin-laden 
macrophages within the schisis 
cavity.’ With fluorescein angiography 
the vascular bed overlying the retino- 
schisis cavity may appear relatively 
normal, or may demonstrate perma- 
nent occlusions.' Neovascular tissue 
may rarely be present adjacent to an 
iridescent spot.’ 

The pigmented retinal scar, known 
as a black sunburst, histologically 
shows focal areas of retinal pigment 
epithelial hypertrophy, hyperplasia, 
and migration. Often there is an ad- 
mixture of iridescent granules and a 
yellowish halo around the black 
sunburst.’ To the best of our knowl- 
edge, this is the first report that pho- 
tographically confirms the develop- 
ment of a black sunburst from a clas- 
sic salmon-patch hemorrhage. 

DONALD A. GAGLIANO, MD 
MORTON F. GOLDBERG, MD 
Chicago, Ill 
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Fig 1.—Tor, Retinal and preretinal orange-red hemorrhage obscuring 
the retinal vasculature. Center, Two weeks later, the hemorrhage is 
smaller, has a central greyish-white color, and is surrounded by a yel- 
low granularhaio. Bottom, Two years later, the hemorrhage has resolved 
and an iridescent spot is seen. 
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Fig 2.—Top, An intraretinal hemorrhage with probable preretinal and 
subretinal extension. Center, Two months later, a lightly pigmented scar 
is seen surrounded by a halo of depigmeatation. Bottom, Four years 
later, a well-developed pigmented black sunburst is present. 
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Surgical Technique 


Conjunctival Flap-Cosmetic Shell-Ptosis Procedure 


Treatment of Blepharoptosis in Severe Keratopathy 


Allen M. Putterman, MD 


@ The correction of marked blepharo- 
ptosis in patients with severe or potential 
keratopathy will worsen the keratopathy 
and possibly lead to the complications of 
corneal ulceration and endophthalmitis. 
The conjunctival flap—cosmetic shell—pto- 
sis procedure is well suited to this difficult 
management problem. Patients are ini- 
tially treated with a conjunctival flap to 
protect their cornea. Subsequently they 
are fit with a cosmetic shell, and finally 
they undergo surgery to correct their pto- 
sis. This three-stage procedure has pro- 
duced excellent cosmetic and functional 
results in two patients, one of whom had 
ptosis and severe radiation-induced kera- 
topathy following the treatment of a rhab- 
domyosarcoma; the other patient had se- 
vere ptosis associated with lack of corneal 
sensation and orbicularis function follow- 
ing removal of a cerebral meningioma. 

(Arch Ophthalmol. 1989;107:1816- 
1818) 


atients with severe keratopathy as- 

sociated with blepharoptosis pre- 
sent a difficult management problem. 
If the upper eyelid is surgically ele- 
vated, there is the risk of developing 
increased keratopathy, corneal ulcer- 
ation, and endophthalmitis; without 
treatment, the patient suffers a cos- 
metic deformity. 

One method of resolving this di- 
lemma is to perform an enucleation 
followed by ptosis surgery. However, if 
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the eye has vision, enucleation is an 
unappealing option. 

I have developed a method of man- 
aging blepharoptosis in patients at 
risk of developing severe keratopathy. 
Primary treatment consists of placing 
a protective conjunctival flap over the 
cornea similar to that described by 
Gundersen.' The patient is then fit 
with a cosmetic shell. Finally, if the 
cosmetic shell is well tolerated, ptosis 
surgery is performed. This method of 
treatment has produced good results 
in two patients. One patient had severe 
radiation-induced keratopathy and 
ptosis secondary to treatment of rhab- 
domyosarcoma; the other patient had 
paralysis of the 8rd, 5th, and 7th cra- 
nial nerves secondary to complications 
in the surgical treatment of a cerebral 
meningioma. A description of the tech- 
nique and a report of these cases are 
presented herein. 


SURGICAL TECHNIQUE 
Conjunctival Flap 


A conjunctival flap is performed as de- 
scribed by Gundersen.' At times there will 
be more conjunctiva superiorly or inferi- 
orly. In these cases, instead of the conjunc- 
tiva being sutured at the midaspect of the 
cornea, it is sutured more inferiorly or su- 
periorly as is needed. There are also times 
when there is deficient conjunctiva, such as 
that caused by radiation treatment. In this 
situation, the procedure is performed as 
described by Gundersen but a conjunctival 
or mucous membrane graft is added to re- 
lieve tension. An incision is made in con- 
junctiva close to the superior or inferior 
fornix, depending on which allows place- 
ment, without tension, of a bipedicle con- 
junctival flap over the cornea. The resultant 
conjunctival defect at the superior or infe- 
rior fornix is then covered with either a 
conjunctival graft from the opposite eye or 
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a mucous membrane graft taken from the 
mouth. If oral mucous membrane is taken, 
it is usually taken with a mucotome set at 
a 0.3-mm thickness. The conjunctival or 
oral mucous membrane graft is then su- 
tured to adjacent conjunctiva with 6-0 poly- 
glactin interrupted sutures. A symbleph- 
aron ring is applied over the graft to pre- 
vent a symblepharon from occurring during 
the initial healing phase. 

Then a suture tarsorrhaphy is performed 
by placing three 4-0 black silk double- 
armed sutures to upper and lower eyelid 
margins, temporally, centrally, and na- 
sally. Each suture arm is placed through 
skin several millimeters from the eyelid 
margin and then penetrates orbicularis and 
exits at the gray line. It then enters the gray 
line of the adjacent eyelid and penetrates 
orbicularis and skin. These sutures are 
drawn up and tied over cotton pledgets to 
connect the eyelid margins. Patients are 
placed on a regimen of systemic and topical 
antibiotics for 1 to 2 weeks postoperatively. 
The suture tarsorrhaphy and symbleph- 
aron ring are removed 4 weeks postopera- 
tively. 


Fitting a Cosmetic Shell 


Several months after the conjunctival 
flap surgery, the patient is fit with a cos- 
metic shell. The ocularist initially fits a 
temporary shell and instructs the patient to 
gradually increase its wearing time. Once 
the patient is able to wear the shell 
throughout the day, the ocularist will de- 
sign a permanent shell, which has sclera, 
iris, and pupillary markings similar to an 
artificial eye. After the patient has worn 
this permanent eye for a month and finds it 
is comfortable, and if the cornea remains 
adequately covered by conjunctiva, ptosis 
surgery can be considered. 


Ptosis Surgery 


Ptosis procedures are performed accord- 
ing to the amount of levator function. If 
there is adequate levator function (=4 
mm), then a levator resection or a levator 
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apeneurosis.advaneement procedure is per- 
formed.™ If there is poor levator function, 
a supermaxamum levator resection or au- 
togenous fascia lata frontalis sling proce- 
dure is perzormed, usually with a suture 
tarsorrhapky=** Silastic frontalis slings 
are another alternative and have the ad- 
vantage of 2asy reversibility and adjust- 
ment of poseperative lid levels.*’ 


REPORT OF CASES 


Case 1.—. 5-year-old girl had a rhabdo- 
myosarcom: of the right superior orbit de- 
velop. The tamor extended from the eyelid 
to the apex ef the orbit and produced 15 mm 
of proptosis The majority of the tumor was 
removed susgically through a superior or- 
bital approsch. Following surgery the pa- 
tient was t-eated with radiation therapy 
and chemotmerapy. 

The patieat remained without recurrence 
for @years postoperatively. Her visual acu- 
ity then wacfinger counting in the right eye 
and 20/15 CS. Her right eye had complete 
blepharoptesis, leading to a palpebral fis- 
surewidth € 0mm, compared with 8 mm on 
the left eyeadFig 1, top left). The right eye 
also had 2 mm of enophthalmos. The pa- 
tient had 7 mm of levator function as mea- 
sured by tł= excursion of the eyelid from 
downgaze te upgaze. Despite having a com- 
pletely ptoūe eyelid, she also had marked 
keratopath~ and ocular irritation. She had 
blepharosp=sm secondary to this irritation 
(Fig, top rzht). There was also evidence of 
vaseulariza-ion of the cornea and marked 
staining with fluorescein. In addition, there 
were radiatien changes of the conjunctiva 
leading to sight hyperemia of the conjunc- 
tiva and symblepharon at the inferior 
fornix. She ised ophthalmic ointment (Lac- 
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ri-Lube, Allergan Pharmaceuticals, Irvine, 
Calif) two to four times each day to decrease 
her corneal irritation. 

In July 1987, the patient underwent the 
first stage of the procedure described pre- 
viously. A conjunctival flap was taken from 
the superior bulbar area and was slid down 
over the cornea to connect with the inferior 
bulbar conjunctiva at the inferior limbus. It 
was necessary to release the conjunctiva at 
the superior fornix, which created a con- 
junctival defect in this area. This was cov- 
ered with a 0.3-mm oral mucous membrane 
graft (Fig 1, bottom left). 

The patient had an uneventful postoper- 
ative course and was successfully fit with a 
cosmetic shell in August 1987. Two months 
later, the upper eyelid was explored and the 
levator aponeurosis was found to be re- 
cessed 17 mm above the superior tarsal 
border. Conjunctiva and Miiller’s muscle 
existed between this recessed levator and 
the superior tarsal border. The levator 
aponeurosis was dissected free from all at- 
tachments and advanced to the superior 
tarsal border. The eyelid was adjusted by 
resecting part of the levator and reattach- 
ing it to tarsus until the lid level was 3 mm 
above the midpupil and had a normal arch. 

Postoperatively the right upper eyelid 
was 3 mm higher than the left upper eyelid. 
An attempt was made to massage it down- 
ward but it continued to be retracted. Also, 
the right lower eyelid was slightly ectropic. 
Therefore, several months postoperatively 
the right upper eyelid was lowered through 
a levator recession procedure.’ The lower 
eyelid was elevated at the same surgical 
sitting through a right lateral canthotomy, 
cantholysis, and tarsal strip procedure 
along with recession of the lower eyelid re- 


ing were performed. 


tractors and scleral grafting (Fig 1, bottom 
right).® 

When the patient was last seen 1 year 
postoperatively, ner visual acuity in the 
right eye was hard movements. The cornea 
was completely covered with vascularized 
conjunctiva that did not stain with fluores- 
cein. She was without pain and had eyelid 
levels that were cosmetically acceptable. 
Her palpebral fissureewidth in primary po- 
sition was 10 mm on the right eye and 9.5 
mm on the left. The distance from a light 
reflex projected directly on the eyes to the 
upper eyelids measured 2 mm on the right 
compared with 3 mm on the left. The lower 
eyelid was also im satisfactory position. 

CasE 2.—A 55-year-old woman had a ce- 
rebral meningioma treated surgically on 
two occasions. The treatment resulted in a 
blind left eye, with complete blepharopto- 
sis, and 60 PD af exotropia secondary to 
third nerve paralysis (Fig 2, top). Corneal 
sensation in this eye was absent, and she 
also had a complete seventh nerve paralysis 
with inability to ‘orcibly close the left eye- 
lids. The left cormea was normal. The right 
eye had a visual acwity of 20/20 and was 
normal. 

In May 1984, a conjunctival flap was ap- 
plied over the leît cornea, as described in 
detail above. A 260° corneal limbal perit- 
omy was created, and bulbar conjunctiva 
was dissected until the conjunctiva could be 
easily slid over the cornea. The corneal ep- 
ithelium was scraped off with a No. 15 
Bard-Parker blade, and the conjunctival 
flaps were united-over the denuded cornea. 
The flaps success‘ully protected the cornea 
(Fig 2, bottom lett). Two months postoper- 
atively the patient was satisfactorily fit 
with a cosmetic shell. In August 1984, her 


Fig 1.—Case 1. Top left, Patient with blepkharoptosis and severe kera- 
topathy of the right eye following surgical aad radiation treatment of or- 
bital rhabdomyosarcoma. Top right, Same patient, with the right upper 
eyelid elevated. Note blepharospasm secondary to severe keratopathy 
and photophobia. Bottom left, Cornea covered with conjunctival flap. 
Bottom right, After levator aponeurosis advancement and resection pto- 
sis procedure, tarsal strip levator recession and lower lid scleral graft- 
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upper eyelid was elevated with an autoge- 
nous fascia lata frontalis sling (Fig 2, bot- 
tom right). 

When the patient was last seen 4 years 
postoperatively, her eyelids were at satis- 
factory levels. Her palpebral fissure width 
in primary position of gaze measured 9.5 
mm on each side. The right upper lid was 3.5 
mm above the midpupil, whereas the left 
was 4 mm above. On downgaze, the right 
eyelids were open 3.5 mm and the left eye- 
lids were open 7.5 mm. She had slight 
lagophthalmos. The cornea remained well 
covered with conjunctiva and did not stain 
with fluorescein. 


COMMENT 


The treatment of patients with com- 
plete blepharoptosis associated with 
keratopathy or potential keratopathy 
presents a dilemma. Performing the 
ptosis surgery will only worsen the 
corneal status and lead to the possibil- 
ity of corneal ulceration and endoph- 
thalmitis. Therefore, most of these pa- 
tients are left with the cosmetic defor- 
mity of a blepharoptosis. 
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frontalis sling. 


One way of treating this type of 
problem is to enucleate the eye, fit the 
patient with an artificial eye, and sub- 
sequently perform a ptosis procedure. 
However, this is not a desirable alter- 
native for the patient who still has 
some vision or an otherwise healthy 
eye. In this set of circumstances, the 
patient can be treated by the described 
set of procedures. Initially, the cornea 
is protected by applying a conjunctival 
flap over it. The patient is subse- 
quently fit with a cosmetic shell and, 
lastly, undergoes ptosis surgery. 

This set of procedures has produced 
excellent cosmetic and functional re- 
sults in two patients. The first patient 
had a rhabdomyosarcoma, which left 
her with a complete blepharoptosis 
and severe conjunctival and corneal 
changes secondary to radiation ther- 
apy. A ptosis procedure was not con- 
sidered as it would have only aggra- 
vated the corneal problem and in- 
creased the ocular irritation. It was 
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fifth and seventh nerve paresis following treatment of cerebral meningi- 
oma. Top right, Elevation of the ptotic left upper lid reveals exotropia 
secondary to third nerve paralysis. Bottom left, Cornea successfully 
covered with conjunctival flap. Bottom right, Patient following success- 
ful fitting of cosmetic shell and relief of ptosis with autogenous fascia lata 
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also not desirable to enucleate the eye, 
which had vision of finger counting. 
The described procedures provided ex- 
cellent cosmetic and functional re- 
sults. The second patient had a paresis 
of the 2nd, 3rd, 5th, and 7th nerves 
secondary to removal of an intracra- 
nial meningioma. Elevating her eyelid 
would have resulted in severe keratop- 
athy due to lack of corneal sensation 
and the inability to close her eyelids. 
The described procedures allowed her 
to have an excellent cosmetic result 
without the need for enucleation. The 
combined use of a conjunctival flap, 
cosmetic shell, and ptosis surgery is an 
excellent alternative to enucleation in 
patients who have blepharoptosis with 
keratopathy or the potential for kera- 
topathy and an otherwise healthy eye. 
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New Instrument 
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A New Retractable Micromagnet for 


Intraocular Foreign Body Removal 


Brooks W. McCuen II, MD, Dyson Hickingbotham 


e We hav developed a new, self-con- 
tained, small-gauge, permanent, rare- 
earth magnet for use in conjunction with 
pars plana vitrectomy in the treatment of 
selected magnetic intraocular foreign 
bodies. Ths magnet allows controlled 
grasping and releasing of the foreign body 
by the surgeon, thus increasing surgical 
control in magnetic intraocular foreign 
body removal. 

(Arch = CQphthalmol. 
1820) 
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[ nttaccular magnets frequently are 
very hepful in the removal of se- 
lected magnetic intraocular foreign 
bodies. Avcilable intraocular magnets 
range from large-gauge, complex, and 
expensive electromagnets to simpler, 
less expensive, but still large-gauge 
permanent magnets. We have de- 
signed a sneall-gauge, permanent, self- 
contained intraocular magnet that 
permitscortrolled grasp and release of 
magnetic intraocular foreign bodies. 


MATERIALS AND METHODS 


Our instrement consists of a rare-earth 
magnet housed within a 150-mm-long 19- or 
20-gauge sleve. The magnet is capable of 
lifting a 15-¢ steel ball. In the resting posi- 
tion ihe magnet is exposed only at the 
instrument “ip (Fig 1, left). Actuation of a 
finger slide en the handpiece of the instru- 
ment leads to a 6-mm retraction of the 
magretic tip within the overlying metallic 
shaft. As the distance of the magnet to the 
foreign body increases, the magnetic force 
at the instrument tip rapidly decreases and 
the foreign body is released (Fig 1, right). 

The magaet is designed to be used 
through con"entional 19- or 20- gauge pars 
planasclerotmies in conjunction with pars 
plana vitrectomy. First, conventional vi- 
trectamy is performed with maximal expo- 
sure ef the foreign body. With the surgeon 
sliding the finger actuator so that the mag- 
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net is retracted into its overlying shaft, the 
instrument tip is directed toward the for- 
eign body. When adjacent to the foreign 
body, finger pressure on the sliding actua- 
tor is slowly relaxed to engage the foreign 
body at the instrument tip (Fig 2, top left). 
The magnet and foreign body are then gen- 
tly retracted as the status of the foreign 
body is carefully assessed. If adhesions of 
the foreign body to the retina or vitreous 
are still present, the foreign body can be 
released from the instrument and these ad- 
hesions can be eliminated by further vi- 
trectomy after which the foreign body is 
again engaged by the magnet. Once free, the 
magnet tip and the foreign body are re- 
tracted to the anterior vitreous cavity 
where they are maintained under coaxial 
illumination while the endoilluminator is 
removed from the eye (Fig 2, top right). 

The sclerotomy previously housing the 
endoilluminator is enlarged as necessary 
for removal of the foreign body. An appro- 
priate intraocular foreign body forceps is 
then directed through the sclerotomy into 
the anterior vitreous cavity. The foreign 
body forceps then grasps the foreign body 
loosely while the magnet is used to manip- 
ulate the foreign body on the forceps so that 
the smallest diameter of the foreign body is 
parallel to the long axis of the foreign body 
forceps (Fig 2, bottom left). Two foreign 
body forceps could be used instead of the 
magnet to reorient the foreign body, but the 
risk of inadvertently dropping the foreign 
body during this maneuver is much greater 
without the constant magnetic attraction 
available during the manipulation. 

When the foreign body is ideally oriented 
and securely in the grasp of the foreign 
body forceps, magnetic attraction is de- 
creased by finger pressure on the sliding 
mechanism of the intraocular magnet. The 
foreign body is then removed from the eye 
with the foreign body forceps (Fig 2, bottom 
right). In the case of very small intraocular 
foreign bodies, the foreign body can some- 
times be removed directly with the magnet 
rather than transferring it to the foreign 
body forceps. 


COMMENT 


This instrument has several advan- 
tages over previously described in- 
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traocular magnets. * It is far smaller 
in size, weight, ard diameter than 
available electramaznets, but like elec- 
tromagnets it permits surgeon-con- 
trolled grasp-release of magnetic in- 
traocular foreign badies. Additionally, 
unlike electromagr=ts, the magnetic 
attraction of our device is located at 
the instrument tip. The magnetic field 
of pull is, therefore virtually coaxial 
with the instrumeat probe. By con- 
trast, a powerful eBctromagnet, hav- 
ing its pole outside of the eye, can ex- 
ert a magnetic pull over a wide field, 
thus potentially re:ulting in the for- 
eign body impacting the wall of the 
eye. 

While somewhat weaker than some 
other larger-gauge rare-earth mag- 
nets (the 1.5-mm Pzrel magnet lifts a 
28-g ball while our magnet lifts a 15-g 
steel ball), our system does have some 
advantages reletive to these instru- 
ments.** Our magnet is constructed to 
be either 19 or 20 gauge in diameter, 
and, therefore, it easily fits through 
conventional pars plana sclerotomies. 
Removal of small fereign bodies with 
the micromagnet requires no enlarge- 
ment of the scleretomies while re- 
moval of large foreign bodies generally 
involves transferring the foreign body 
from the magnet to a foreign body for- 
ceps so that only one sclerotomy need 
be enlarged. Additmnally, the ability 
of our magnet to ellow for surgeon- 
controlled grasp and release of a mag- 
netic foreign body is of particular im- 
portance if the ferei=n body is engaged 
before complete rdease from adhe- 
sions to the retima or vitreous is 
achieved. With comventional perma- 
nent rare-earth magnets, it is difficult 
to release the foremzn body from the 
grasp of the magne: once engaged. At 
best, the endoillum nator must be re- 
moved and separaton of the foreign 
body from the magnet must be 
achieved by graspir= the foreign body 
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Fig 1.—A new controllable permanent intraocular magnet. Left, Magnet 
holding a steel BB. Right, By the sliding of the finger actuator, the BB is 
easily released from the grasp of the magnet. 





Fig 2.—Intraocular foreign body extraction using the retractable micromagnet. Top left, Engaging 
the foreign body with the magnet tip. Top right, Withdrawing the foreign body to the anterior vit- 
reous Cavity. Bottom left, Engaging the foreign body with the foreign body forceps. The magnet 
is used to help optimally position the foreign body in the jaws of the foreign body forceps. Bottom 
right, Removal of the foreign body from the globe with the foreign body forceps. 
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with a forceps under coaxial illumina- 
tion alone. The ability to release a for- 
eign body from the magnet’s grasp is 
unique to our system with respect to 
other permanent magnets and consti- 
tutes an important safety feature. 

We have used the intraocular micro- 
magnet in four eyes with retained 
magnetic intraocular foreign bodies, 
and in each case use of the magnet both 
facilitated the foreign body removal 
and was unassociated with any com- 
plications. We believe that this new 
intraocular magnet represents a sig- 
nificant step toward the controlled use 
of magnetic force in pars plana vitre- 
ous surgery for retained magnetic in- 
traocular foreign bodies. 


Duke University receives royalties related to 
the sale of this instrument from the Storz Co, St 
Louis, Mo. 

This investigation was supported in part by 
grants from the National Society to Prevent 
Blindness, Schaumburg, Ill; the Adler Founda- 
tion, New York, NY; and the United Way, Morris- 
town, NJ. 
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Trachema in Central Tanzania 
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è Trachoma remains the major infec- 
tious cause of Dlindness in many develop- 
ing areas, esvecially where hygiene is 
poor. The practices and behaviors associ- 
atee with an mcreased risk of trachoma 
were studied ia central Tanzania, where a 
stratified rand>m cluster sample of 8409 
pecnole was examined. Data were col- 
lected on famřy and individual character- 
istics and beheviors and on trachoma sta- 
tus..O@verall, 6C% of the children aged 1 to 
7 years had aciive inflammatory trachoma, 
and 10% of these aged 60 years or older 
had trichiasS. Regression analysis 
showed that active inflammatory tra- 
choma in childsen was associated with the 
characteristics of the more traditional 
families and several measures of poor 
persenal hygiene. Two important risk fac- 
tors for seve-e inflammatory trachoma 
were poor facial cleanliness in children 
(odes ratio of .7[1.17, 2.50]) and house- 
hold fly density (odds ratio of 1.63 [1.17, 
2.2¢)). Both factors are potentially ame- 
nabte to intervention. These data suggest 
that an intervention strategy aimed at 
these hygiene measures would provide an 
effective method of controlling trachoma 
in this region, «nd a similar approach may 
be useful in oter areas. 

(Arch Optrhalmol. 
1825) 
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rachoma affects more than 500 mil- 

lion people.' It is the most prevalent 
of ocular infections and the world’s 
leading infectious cause of blindness. 
In hyperendemic areas, up to one 
fourth of those infected may become 
blind.' Trachoma was a major scourge 
in North America and Europe, al- 
though during the last century it has 
disappeared from these areas. Its dis- 
appearance was probably directly as- 
sociated with a gradual but dramatic 
improvement in the general standard 
of hygiene. A similar general im- 
provement of hygiene in those disad- 
vantaged areas where trachoma re- 
mains would be expected to have a 
similar influence, but the likelihood of 
this happening spontaneously in the 
foreseeable future is remote. Even 
though the chlamydial agent is sensi- 
tive to a number of antibiotics, antibi- 
otics have had little impact on tra- 
choma despite their widespread use 
during the last 40 years.’ Previous field 
trials of vaccines in humans have not 
been encouraging’; and although there 
is renewed interest in the development 
of a vaccine, it seems unlikely that an 
effective vaccine will be available in 
the near future.’ An effective, targeted 
public health intervention would seem 
to offer hope for the timely control and 
elimination of trachoma as a major 
scourge.°”’ 

So-called natural experiments 
would suggest that small changes in 
hygiene might dramatically reduce the 
prevalence and severity of trachoma. 
Trachoma has disappeared from a 
number of previously endemic areas 
with only minimal perceptible 
changes.**'° In many areas, trachoma 


shows a strong family clustering with 
families that, a- first glance, look sim- 
ilar despite having different rates of 
trachoma.*'! Together, these observa- 
tions suggest that a small number of 
key factors mizht contribute to the 
ongoing transnassion and persistence 
of trachoma. Oace these factors have 
been identified, an effective targeted 
intervention coald be devised and im- 
plemented. Previous studies have sug- 
gested that the frequency of face wash- 
ing or other faetors relating to facial 
cleanliness may be key factors that 
protect childrer from trachoma." 

Our study wes undertaken to iden- 
tify those factars associated with in- 
flammatory trazhoma in central Tan- 
zania, specifical y focusing on personal 
hygiene behaviers. 


SUBJECTS AND METHODS 
Study Population 


The study was conducted in the Kongwa 
subdistrict of the Dodoma region in central 
Tanzania, which has an estimated total 
population of 2&)000. Sample size esti- 
mates indicated about 4000 preschool-aged 
children and abort 2000 households would 
be necessary to undertake a study of risk 
factors for trachama. Twenty villages were 
randomly selected for this study.’ Within 
each village, clusters of households were 
then randomly sampled to give a study 
population of approximately 200 children 
per village. All children in the sample who 
were aged 1 to 7 years (preschool children) 
and their mothers (or female caretakers) 
were examined ard formed the basis for the 
risk factor analyses. 


Surwey Methods 


A house-by-hause census of selected 
households was ccnducted 1 to 2 days before 
the arrival of the ‘ull field team. During the 
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census, each household was numbered, and 
an estimate of the number of preschool- 
aged children was made. A household was 
defined according to local customs as being 
those persons who shared a common door- 
way. A household fly density score was de- 
termined for each house using the simple 
“fly board” method.'* Information on vil- 
lage level characteristics was then re- 
corded. 

During field work, a standardized inter- 
view and collection of observations was 
conducted at each household by trained lo- 
cal women. Data were collected on the 
structure of each family, family practices, 
and behavior, with special regard to water 
availability and hygiene." The values to be 
studied and the methods that were used for 
collecting data pertaining to them were se- 
lected and developed after a careful medical 
anthropologic and behavioral study of com- 
munities in the study area. Field methods 
were extensively pilot tested to ensure that 
they provided a reasonable measurement of 
the parameters in question. Individual in- 
formation was also collected for each pre- 
school child, concentrating on face-washing 
practices and hygiene. The interviewer ob- 
served the cleanliness of each child’s face 
using a scheme developed and standardized 
during training. Facial cleanliness was de- 
fined by general facial appearances, espe- 
cially the presence or absence of dirt, dust, 
or crusting on the cheeks and forehead. 

After the completion of the interview, the 
mother or female caretaker and all eligible 
children proceeded to a central examina- 
tion site where they were examined and 
graded for trachoma, scabies, and ocular 
and nasal discharge. Children with active 
trachoma were treated before returning to 
their house. 


Trachoma 


All subjects were examined by one grader 
who used a 2.5X loupe. The simplified World 
Health Organization trachoma grading 
scheme was used,'*'* which is briefly sum- 
marized as follows: 


TF indicates trachomatous inflamma- 
tion, follicular—the presence of 5 or more 
follicles (0.5 mm or greater in diameter) on 
the central upper tarsal conjunctiva. 

TI indicates trachomatous inflammation, 
intense—inflammatory thickening of the 
upper tarsal conjunctiva with obstruction 
of more than half of the normal tarsal ves- 
sels. 

TS indicates trachomatous conjunctival 
scarring—the presence of easily visible 
scarring in the upper tarsal conjunctiva. 

TT indicates trachomatous trichiasis— 
the presence of at least one eyelash rubbing 
the eyeball. 

CO indicates corneal opacity—the pres- 
ence of easily visible central corneal opac- 
ity sufficiently dense to observe the pupil 
margin (thought to be consistent with a vi- 
sual acuity of 6/18 or less). 


Subjects were classified by the presence 
of a particular grade in either eye. The role 
of TF, TI, or both, referred to as TF/TI, 
gives an overall measure of “active” inflam- 
matory trachoma, whereas TI alone gives a 
measure of severe inflammatory disease. 
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Fig 1.—The age-specific prevalence of inflammatory trachoma in 20 villages in central Tanzania. 
The dashed line indicates those with follicular trachomatous inflammation, intense trachomatous 
inflammation, or both; and the solid line, intense trachomatous inflammation only. 
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Fig 2.—The age-specific prevalence of cicatricial trachoma and corneal opacities in 20 villages 
in central Tanzania. The solid line indicates those with trachomatous conjunctival scarring; long 
dashes, trachomatous trichiasis; and short dashes, corneal opacity. 


The risk factor analysis is based on the 
presence or absence of active disease in 
children. 


Data Management and Analyses 


All data were collected on self-coding 
forms. Data were entered using interactive 
data entry programs and analyzed on an 
IBM mainframe computer using standard 
software, including SAS and SPSS pro- 
grams and the logistic-regression pro- 
grams from the SUGI supplemented li- 
brary. Polychotomous logistic-regression 
analyses for correlated data were used to 
model the risk of trachoma in children as a 
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function of the variables collected from 
each family and those collected for each in- 
dividual child.” 


RESULTS 
General Characteristics 


A total of 2295 households were 
identified as being within the 217 sam- 
pled clusters in the 20 villages (Figs 1 
and 2). Of these households, 92% par- 
ticipated in the study. There were 38 
households that refused to participate 
and 141 households where members 
were absent during the 2 days the team 
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spent in each village. In the households 
thac participated, there were 3916 eli- 
gibe preschool children, 98% of whom 
hace complete examinations. 

Cverall, 60% of the preschool chil- 
dren had TF/TI and 10% had TI. Sim- 
ilary, 70% of households had at least 
onechild with TF/TI and 16% of chil- 
dren with TI. Although the rates of 
traehoma varied between villages, 
of the characteristics of the vil- 
lage seemed to describe those at in- 
creased risk of trachoma. No correla- 
tion existed between the prevalence of 
traehoma and the size of the village, 
whether the village had a health cen- 
ter, the presence of a church or a 
mosque, or, importantly, whether 
there was a functional, constructed 
water supply in the village. There was 
no «ifferenee in the rate of trachoma 
between villages by the average dis- 
tance to water for the households in 
tha. village. All villages had a school. 
Nire villages were on a bus route, and 
they seemed to have lower rates of 
TF/TI (52% compared with 66% ) and 
lew=r rates of TI (7% compared with 
13% ) than those that were more iso- 
lated, although only the difference in 
TI was significant (t = 2.17, P < .05). 


Risk Factors 


Toe risk factors studied included 
characteristics of the household where 
the children lived. The distribution of 
these variables is shown in Table 1. 
Most houses had an average of two 
preschool-aged children, and 37% of 
the houses were more than 2 hours 
from a water source. Most roofs were 
tracitional, flat, or thatch (82%), and 
20% of the families had cows (a tradi- 
tional sign of wealth). The majority of 
households stated they were Christian 
(67% ). Altogether, 59% of houses were 
observed to have latrines, but many 
were not in use often because they af- 
forced no privacy. Using the fly score, 
flies were present in 67% of the houses, 
and=24% had three or more flies in the 
doorway. 

O&her risk factors studied were spe- 
cific to each child and are given in Ta- 
ble 2. A total of 41% of the children 
wasted their faces less frequently 
than once a day, and the observation 
data suggested that at least 83% of the 
face were not clean. Most children 
simoly let their faces air-dry (78%) 
and used nething to wipe their noses 
(87S). About 60% of the children slept 
in @ room with a cooking fire, which 
tenes to make the room smoky. 

Pe ychotomous regression analysis 
was undertaken to control for house- 
holc and individual variables simul- 
taneously. It identified a number of 
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Time to reach water, h (16) 


1234 (64) 
347 (18) 


Thatch 
Tin 

Animals (0) — 
None 
Chickens 
Goats, pigs, and donkeys 
Cows 

Religion (0) 
Christian 
Muslim 
Traditional 

Latrine (6) 
Functional 
Nonfunctional 


Not observed 
_ Fly score (78) 


0 602 (33) 
812 (43) 


1or2 


Households 





678 (35) 
782 (41) 
3 468 (24) 
379 (20) 
825 (43) 
708 (37) 


926 (48) 
138 (7) 
393 (20) 


1297 (67) _ 
138 (7) 
493 (26) 


265 (14) 

866 (45) 

None 654 (34) 
137 (7) 








A 


12 

13 

20 

24 
TESIA 


13 


15 
13 
30 
17 


S 
~ 


Si SMELT TRS 
pate ek os Re ae 


HAE Bea Belge) Gael eae) fc 


3-6 278 (15) 
>7 158 (9) 


Total No. of households with 


preschool children 1928 





* Distribution in 1928 households with preschool children and crude prevalence ofiinflammatory trachoma for 


each characteristic. 


tNumbers in parentheses indicate number of households with missing values fer this variable. 
Percentage of families with any children having follicular trachomatous inflammation (TF), intense trachoma- 


tous inflammation (Tl), or both. 


§Percentage of families with any children having TI. 


factors significantly associated with 
the presence of TF/TI and of TI (Ta- 
ble 3). 

Active trachoma (TF/TI) was more 
common in girls but became less com- 
mon in older children of each sex. 
Children who did not have clean faces 
had an increased risk of having both 
active trachoma and severe disease 
(TI). This was also true for children 
who did not use a handkerchief to clean 
their nose, those who lived in families 
that followed traditional beliefs, and 
those who had high household fly den- 
sities. The risk of having active tra- 
choma (TF/TI) was higher in those 
who did not use a towel to clean their 
face, those who slept in a room witha 
cooking fire, and those whose families 
kept cattle and lived far from water. 
The risk of having severe disease (TI) 
was higher for those with moderate or 
high levels of flies but was reduced if a 
latrine was present. Because of the 


nature of the dolwchotomous regres- 
sion, the input of each of these vari- 
ables was assessed independently. 


COMMENT 


Our study identified a number of 
characteristics amd behaviors that 
were associatec with an increased risk 
of trachoma in zhe arid area of central 
Tanzania, focusing specifically on hy- 
giene practices amd the constraints 
and outcomes velated to these prac- 
tices. As suggested by Dunn," survey 
interviews and observations were de- 
veloped after an initial behavioral as- 
sessment, and their findings were cor- 
roborated by concurrent medical 
anthropologic ebservation and inves- 
tigation. Because of the sociopolitical 
structure of villages in Tanzania, it 
was possible to identify a sample pop- 
ulation and obtaim very high partici- 
pation and examination rates, which 
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Trachoma Prevalence 
o 


No. (%) of Children TF/Tit¢ 


1849 (48) 
1983 (52) 


No. of preschool siblings 
None 


One 
Two or more 


Frequency of face washing (10) 
1-3/wk 


4-6/wk 


684 (18) 
1538 (40) 
1610 (42) 


868 (23) 
689 (18) 


1/d 1944 (51) 
More than once a day 
Facial cleanliness (102) 


321 (8) 


230 (6) 
415 (11) 
1968 (53) 
1117 (30) 


Clean 

Clean with discharge 
Not clean 

Not clean with discharge 


Facial drying (11) 
Nothing 


Clothes 
Towel or cloth 


Nose cleaning (0) 
Nothing or hand 


Clothes 
Handkerchief 

Cooking fire in sleeping room (3) 
Yes 2312 (60) 
No 1041 (27) 
Not observed 476 (12) 


Total No. of preschool 
children 


2964 (78) 
683 (18) 
174 (5) 


3319 (87) 
263 (7) 
250 (7) 


3832 





* Distribution in 3832 preschool children and crude prevalence of inflammatory trachoma for each charac- 
teristic. 

tNumbers in parentheses indicate number of children missing values for this variable. 

Percentage of children with follicular trachomatous inflammation (TF), intense trachomatous inflammation 
(TI), or both. 

§Percentage of children with TI. 





Table 3.—Polychotomous Regression Analyses of Child and Household Variables 
Associated With Trachoma in Preschool Children 






TF/TI* 
—————_wexcr_m —. 
Variable Value Odds Ratio P 


Age, risk/y 0.94 (0.90, 0.98) 


.002 Aus ci 
Sex, F 1.22 (1:05, 1.41) .009 if) 


1.72 (1.17, 2.50) .005 










TO  —cm«"--.W—r 
Odds Ratio P 




















Unclean face 1.30 (1.11, 1.54) .003 
Handkerchief use 0.67 (0.50, 0.88) .004 0.43 (0.21, 0.87) .02 
Towel use 0.76 (0.64, 0.89) .001 Aaf PN a 















Cooking fire in 
sleeping room 
Traditional beliefs 
Fly score 
3-6 TE Y 1.36 (1.26, 2.18) .02 
>7 1.48 (1.14, 1.90) .003 1.63 (1.17, 2.29) .004 
.001 ‘tte 


Cattle herding 1.35 (1.14, 1.61) Bava 


>30 minutes to 
water source 1330 (1.12;. 1.57) 001 die 


Latrine present oe siria 0.72 (0.58, 0.90) .004 


* Odds of having follicular trachomatous inflammation (TF), intense trachomatous inflammation (TI), or both. 
tOdds of having intense TI. 










1.24 (1.08, 1.43) 


1.40 (1.20, 1.66) 1.65 (1.31, 2.08) 
























further strengthen the study. 

The detailed analyses of risk factors 
used regression analysis methods to 
control for a number of confounding 
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variables simultaneously. As some 
data were collected at the household 
level and other data from individuals, 
care had to be exercised in combining 
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the data sets. The polychotomous re- 
gression model permits this and, thus, 
offers a strong analytie tool.” 

The risk factor analyses clearly 
identify family characteristics associ- 
ated with a higher risk of trachoma. 
Children who lived in families that 
followed a more traditional life-style 
seem to be at increased risk of tra- 
choma. These families tend to be large, 
live in traditional flat-roofed or 
thatched houses, keep cattle (a tradi- 
tional form of wealth’), follow tradi- 
tional religious beliefs, have high 
household levels of flies, and have not 
adopted the use of a nontraditional la- 
trine. Even though increased numbers 
of flies could be found in households 
with cattle, each of these faetors was 
shown to be independently associated 
with trachoma in the regression anal- 
yses. The Wagogo people traditionally 
burn a round mark on the forehead of 
children to protect them from eye 
disease.” Seventeen percent of the 
children had this mark, but it was not 
correlated with either an increased or 
a decreased risk of trachoma. 

The relationship between water and 
trachoma is complex. In this study, 
an increased distance to the family’s 
water source (measured in time) was 
associated with an increased risk of 
trachoma, although the presence of a 
functional water supply project in a 
village was not correlated with the 
rate of trachoma. 

A number of individual hygiene 
practices were associated with an in- 
creased risk of inflammatory tra- 
choma in preschool children. In this 
study, data were collected on facial 
cleanliness and face-washing fre- 
quency, and it was found that both 
protected against trachoma. A pro- 
gressive increase in the risk of tra- 
choma was seen with decreasing facial 
cleanliness. The use of a towel or 
clothes to dry the face and the use of a 
handkerchief to clean the nose were 
both independently protective but may 
be related to either improved ability to 
clean the face or to the adoption of a 
less traditional approach to hygiene by 
the family. 

In our study, the association was be- 
tween trachoma and unclean faces and 
not only with the presence of ocular or 
nasal discharge. The presence of ocu- 
lar or nasal infection would lead to an 
increase in discharge, which would 
form a tautology. No differences were 
seen in the overall rates of children 
with clean faces for those who were 
examined in the morning or in the af- 
ternoon. An analysis of the grading of 
facial cleanliness and discharge per- 
formed at the central site showed that 
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many children had already had their 
faces cleaned before being brought to 
the examination site. This confirmed 
the importance of the observations in 
the house by the interviewers. 

Scabies is another disease that is of- 
ten associated with poor personal hy- 
giene, and although 60% of the chil- 
dren had scabies, it was not associated 
with trachoma. This suggests that fa- 
cial cleanliness rather than general 
cleanliness may be of specific impor- 
tance in protecting against trachoma. 
Hand washing was not examined in 
this study. A previous study in Mexico 
did not find a separate association be- 
tween hand washing and trachoma,” 
and older children at least could not 
wash their own faces without also 
washing their hands. 

Children who slept in a room with a 
cooking fire had an increased risk of 
trachoma. This effect was independent 
of the other markers of a traditional 
family, such as cattle herding, roof 
type, and so forth. This association 
may still be related to family struc- 
ture, as larger or poorer families will 
have more persons sleeping in the 
larger general-purpose room, which 
may servecas a kitchen, storeroom, liv- 
ing room, and bedroom.” Alterna- 
tively, there may be a specific relation- 
ship between a smoky atmosphere at 
night and increased ocular discharge, 
leading to increased rates of transmis- 
sion and higher rates of disease. How- 
ever, a subsequent analysis showed 
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that ventilation had no effect on this 
association. 

The reason for undertaking this 
study was to identify specific factors or 
practices associated with trachoma so 
that a specific, targeted intervention 
strategy could be developed. The study 
identified some factors that are nei- 
ther directly nor readily accessible to 
change. These factors would include 
many of the traditional behaviors and 
practices. However, it specifically 
identified two factors that should be 
highly susceptible to change and that, 
if changed, would be expected to have 
a substantial impact on trachoma 
rates. At the individual level, facial 
cleanliness was of major importance; 
and at the family level, household fly 
density was important. Within the 
study area, significant numbers of 
families were able to achieve either or 
both high levels of facial cleanliness 
and low household levels of flies. This 
illustrates that even given the con- 
straints existent in this area, these 
outcomes, associated with a decreased 
risk of trachoma, are achievable and 
can be seen as effective behavioral 
norms. 

It seems likely that these two key 
factors, facial cleanliness and fly den- 
sity, would both directly influence 
transmission. An unclean face would 
increase the likelihood of that child 
transmitting trachoma to others ei- 
ther by direct contact or by contact 
with fingers, clothes, or other fomites, 
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including flies, Similarly, a child with 
an unclean faee is more likely to be- 
come infected, as it is more attractive 
to the mucus-seeking flies that can 
transfer chlamydia.” Within a family, 
an increase in transmission by chil- 
dren being either “transmitters” or 
“receivers,” together with facilitated 
transfer due to inereased fly numbers, 
would lead to more frequent episodes 
of reinfection within that family. This 
would lead to a higher prevalence and 
severity of disease and an increased 
risk of eventual blindness. 
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Ophthalmology in Other Countries 


Ophthalmology in Malawi 


oday more than 600 million people live in Africa.’ 

Yet despite high incidence and prevalence of 
avoidable blindness in every African nation, the oph- 
thalmic manpower situation is deteriorating in the 
region. Currently there are fewer than 500 ophthal- 
mologists working in Africa,’ for an ophthalmologist- 
population ratio of less than 1:1 million. 

Malawi, through pragmatic health policies and 
modest resources, has developed a system of urban 
and rural eye care utilizing nonphysician eye care 
practitioners. Considering the resourcefulness and 
efficiency of its eye care system, Malawi’s program is 
a model for other developing countries that seek to 
create and implement national blindness prevention 
activities. 


PROFILE OF MALAWI AND BACKGROUND INFORMATION 


At 45 747 sq mi (118 484 km?),? Malawi is the size of 
Pennsylvania. The country is situated in southeastern 
Africa, bounded by Tanzania to the north and north- 
east, Mozambique to the southeast, south, and south- 
west, and Zambia to the northwest (Fig 1). 

Northern and central Malawi is high mountainous 
plateau country. Lake Malawi, Africa’s second largest 
lake, stretches 560 mi (907 km) north-south along 
Malawi’s eastern border with Tanzania and Mozam- 
bique. A freshwater lake, it is one of the deepest in the 
world and is located in Africa’s Rift Valley. The low- 
est land mass in Malawi, the Lower Shire River Val- 
ley (665 ft [200 m] above sea level) in the extreme 
southern part of the country, represents the south- 
ernmost extension of the Rift Valley in Africa. 

Originally known as Nyasaland, Malawi became a 
British protectorate in 1891. It became an indepen- 
dent state in 1964 with the breakup of the Central 
African Federation (Southern Rhodesia, now Zimba- 
bwe; Northern Rhodesia, now Zambia; and Nyasa- 
land, now Malawi) and a republic in 1966. 

For government administration, Malawi is divided 
into three regions (northern, central, and southern 
regions; Fig 2). Most of Malawi’s population live in the 
southern region. Blantyre is the commercial center of 
the country. Lilongwe, the capital of Malawi, is 
located in the central region. 

Malawi’s population by 1988 was 8.0 million, and 
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the annual natural increase of Malawi's population 
was 3.4%.‘ If that rate remains constant, Malawi’s 
population will double in 22 years. Because most of the 
rural population is engaged in subsistence agricul- 
ture, the population overburden can place heavy 
pressure on Malawi’s arable land. In addition to the 
densely settled region, a substantial percentage of the 
nation’s population live in a narrow strip along the 
western border of Lake Malawi with an economy 
based on fishing. 

Malawi’s mortality under 5 years of age is 157:1000, 
the fifth highest in the world, and life expectancy is 
46 years.’ These figures contrast starkly with the 
United States of America, where the mortality under 
5 years of age is 11:1000 and the life expectancy at 
birth is 75 years.® These data illustrate the dramatic 
economic and standard of living differences between 


Fig 1.—Continent of Africa and nation of Malawi. 
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Lower Shire Valley 


Fig 2 —Maiawi's three regional administrative centers and location of 
Lower Shire Valley. 





_ Table 1.—Comparative Health and Economic Data 





Per Capita Life Expectancy 
GNP, US $* at Birth, y 


* GNP indicates gross national product, defined as the total per an- 
mum worth ef all goods and services divided by the total population of 
that country. All data are from the 1986 Children of the World Data 
Sheet’ 








the two countries, and in many respects, they are 
characteristic of the realities of the so-called devel- 
opec and developing countries. For the sake of further 
illustration, other pertinent comparative data are 


given in Table 1. 
BLINDNESS IN MALAWI 


Thegovernment of Malawi, together with a number 
of extermal agencies working in the field of blindness 
preventien (International Center for Epidemiologic 
and Preventive Ophthalmology, Wilmer Institute, 
Baltimore, Md; International Eye Foundation, Be- 
thesda, Md; Helen Keller International, New York, 
NY; and the US Agency for International Develop- 
ment, Washington, DC), carried out a random- 
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Table 2.—Causes of Blindress in Malawi* 


Percentage of Those Blind/ 
Ne. of Blind Persons 


40/32 000 






Cause of Blindness 
Cataract 











Corneal opacity 30/24000 
Open angle glaucoma 15/ 12000 
All other causes 15/ 12000 






* Based on the 1988 population of 8.0 million and an estimated bilat- 
eral blindness prevalence of 1%. Estimates by causes are derived from 
Lower Shire Valley nutritional and ocular status survey data of 1983.°® 


sample, population-based nutrition, blindness, and 
ocular status survey in the Lower Shire Valley of 
Malawi in 1983. In this survey, 5436 children under 6 
years of age in 71 villages were examined. In addition, 
1664 individuals aged 6 years and older were exam- 
ined in a subsample of 10 randomly selected villages. 
This regional survey is one of the few scientifically 
well-grounded surveys of its kind in Africa.’ 

Bilateral blindness (defined by the World Health 
Organization as visual acuity less than 3/60 [10/200] 
in the better eye) in the Lower Shire Valley was 
present in 1.3% of all individuals 6 years of age and 
older. Bilateral blindness increased markedly with 
age from less than 1% of those less than 50 years of 
age to more than 10% for those aged 70 years and 
older. 

Cataract was the leading cause of bilateral blind- 
ness for those 6 years and older, accounting for a 
prevalence of 40% of all blindness. Corneal opacity 
accounted for 30% of all bilateral blindness, and open 
angle glaucoma accounted for 15%. The causes and 
prevalence of bilateral blindness among persons aged 
6 years and older are given in Table 2. 

In addition, 3% of all those 6 years of age and older 
in this survey were found to heve significant visual 
impairment (World Health Organization definition: 
visual acuity less than 6/18 [20/60] in the better eye). 

These rates, although typical ef blindness and 
visual impairment data in the African region, are ex- 
traordinarily high when compared with blindness 
rates in North America and Europe. In the United 
States, for example, the prevalence of bilateral blind- 
ness (visual acuity less than 6/69 in the better eye) is 
0.02%. Using this definition, blindness in the Lower 
Shire Valley is 15 times more prevalent than in the 
United States. 

Children (<6 years of age) in the Lower Shire Val- 
ley were found to have a high rete of bilateral blind- 
ness (1.1:1000). The majority of this blindness was due 
to corneal opacity secondary to ocular surface infec- 
tion, including measles, pyogenie infection, and prob- 
ably herpes simplex virus in concert with protein-en- 
ergy malnutrition and concomitant vitamin A defi- 
ciency. 

Lower Shire Valley survey bindness prevalences 
may not be strictly applicable tc the total population 
of Malawi. However, if a slightly lower prevalence of 
bilateral blindness of 1% is assumed to be valid, and 
by using the 1988 population data, the rate of natural 
increase, and Lower Shire Valley survey bilateral 
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blindness prevalences, then the approximate total 
number of blind persons (those with a visual acuity 
less than 3/60 [10/200] in the better eye) by causes 
may be calculated. These extrapolated data are dis- 
played in Table 2. 


OPHTHALMIC RESOURCES AND SERVICES 


Four ophthalmologists practice in Malawi, three at 
central government hospitals and one at a mission 
hospital. They live in, and work at, Lilongwe (central 
region), Kamuzu Central Hospital (two ophthalmol- 
ogists); Blantyre (southern region), Queen Elizabeth 
Central Hospital (one ophthalmologist); and Nkhoma 
(central region), Nkhoma Mission Hospital (one oph- 
thalmologist). 

Despite the ophthalmologist-population ratio of 
approximately one ophthalmologist for every 2 mil- 
lion population, the government of Malawi is able to 
provide basic eye care services to a high proportion of 
Malawi’s people through appropriate use of existing 
available resources and overseas technical assistance 
from several international prevention-of-blindness 
agencies. 

The two central referral hospitals for Malawi are 
located in Lilongwe and Blantyre. The eye units at 
those hospitals have active outpatient and surgical 
services and receive ophthalmic referrals from dis- 
trict hospitals and other health facilities throughout 
Malawi. 

Approximately 1200 ocular operations are per- 
formed annually at each of the central hospitals. Ap- 
proximately 1000 ocular operations are performed 
annually at Nkhoma Mission Hospital. About 60% of 
all surgery is for cataract. Other commonly per- 
formed operations are a variety of plastic procedures 
for upper lid entropion with trichiasis secondary to 
cicatricial trachoma, filtering procedures for open 
angle glaucoma, and various surgical operations for 
trauma. Ophthalmic medical assistants (OMAs; non- 
physicians trained in ophthalmology) perform cata- 
ract surgery at both central referral hospitals. 


OMAS AND THE MALAWI SOUTHERN AFRICA 
DEVELOPMENT COORDINATION CONFERENCE 
TRAINING COURSE 


A program of training health workers in ophthal- 
mology to become nonphysician “specialist” eye care 
workers has been in place for 20 years in Malawi. 
These health workers are trained for at least 3 years 
in general medicine at one of several hospital centers 
in Malawi. After working at least 5 years as “general 
practitioners” in the government health system, of- 
ten at rural hospitals, they become eligible to train 
further in one of several medical specialties. The 
training course in ophthalmology in Malawi is heavily 
weighted toward practical experience and blindness 
prevention, and lasts 1 year. On successful completion 
of the course, the trainee becomes an OMA. 

Ophthalmic medical assistants staff static and mo- 
bile eye services throughout Malawi. Currently there 
are 44 OMAs working in Malawi. They perform vital 
work by extending simple and effective eye care and 
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blindness prevention services to rural communities. 
All of them examine and treat patients at static eye 
units at their base health facility, often a district 
hospital. They are able to treat the majority of out- 
patients who present to their units, including those _ 
needing extraocular surgery. Those patients who 
cannot be treated by the OMAs are referred to an 
ophthalmologist working at one of the two central 
government hospitals or the mission hospital in 
Nkhoma. 

Ophthalmic medical assistants who are posted to 
central hospitals or the mission hospital work under 
the supervision of ophthalmologists, who visit and 
consult with OMAs working at rural health facilities 
on a regular schedule. These supervisory visits are 
important both for morale and for continuing educa- 
tion of the OMAs. 

In addition to their responsibilities at their static 
units, many of the OMAs conduct outreach services 
from their base hospitals to more rural health facil- 
ities and villages. Twenty OMAs utilize light motor- 
cycles for this purpose, and five eye teams, each 
headed by an OMA, rely on four-wheel drive vehicles 
as mobile eye units to serve the environs of Chikwa- 
wa, Karonga, Mulanje, Nsanje, and Salima. 

In 1987, Malawi OMAs examined and treated 69 839 
patients. Locations where OMAs are working in 
Malawi are depicted in Fig 3. 

In addition to training Malawian OMAs, health 
workers from the African region are trained in the 
basics of ophthalmology and in the concepts of blind- 
ness prevention in Lilongwe. This Southern Africa 
Development Coordination Conference (SADCC) re- 
gional eye care training course is based at the 
Lilongwe School of Health Sciences at the Kamuzu 
Central Hospital in Lilongwe. Secondary venues for 
training are the Queen Elizabeth Central Hospital in 
Blantyre and the Nkhoma Mission Hospital. The pe- 
riod of training is 1 academic year. Although this 
course, which was inaugurated in 1983, serves mainly 
the SADCC nations (Angola, Lesotho, Malawi, 
Mozambique, Swaziland, Tanzania, Zambia, and Zim- 
babwe), candidates from several west African states 
have been enrolled. 

This course is the only regional eye care training 
program for OMAs in Africa, although several Afri- 
can nations have developed national training pro- 
grams (Ethiopia, Kenya, and Tanzania) in recent 
years. The Malawi OMA course receives funding from 
the Overseas Development Administration and the 
Royal Commonwealth Society for the Blind of the 
United Kingdom. Table 3 lists the number of students 
by country who have successfully completed the 
Malawi SADCC OMA course from 1983 to 1988. 


THE LOWER SHIRE VALLEY BLINDNESS AND 
NUTRITIONAL PROJECT 


The ocular status and nutritional survey in 1983 
demonstrated that avoidable blindness is a serious 
public health problem in the Lower Shire Valley of 
southern Malawi’ (Fig 3). From survey data, it was 
determined not only that cataract, corneal opacity, 
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Fig 3—Government eye health services in Malawi where ophthalmic 
clinical officers are posted. KCH indicates Kamuzu Central Hospital, 
Lilomgwe; and QECH, Queen Elizabeth Central Hospital, Blantyre. 


anc open angle glaucoma were largely unattended 
blinding conditions in adults but that nutritional 
blindness (protein-energy malnutrition with concom- 
itamt vitamin A deficiency) is a public health problem 
in those under 6 years old in the Lower Shire Valley. 

In 1985, the International Eye Foundation, with a 
grant from the US Agency for International Devel- 
opment and in bilateral collaboration with the Min- 
istry of Health of Malawi, inaugurated a comprehen- 
sive blincness prevention, immunization, and vitamin 
A supplementation project in Malawi’s Lower Shire 
Valey. This project is integrated within the overall 
nafsonal Malawi blindness prevention project and the 
expandec program of immunization. Its success relies 
on she OMAs, who diagnose and treat patients at the 
vilage and health post level, provide supplemental 
vitamin A to children at high risk of nutritional 
blindness, refer patients requiring eye surgery and/ 
or nutritional rehabilitation, and carry out surveil- 
lamee for the purpose of accurate reporting. The 
OM As werking in this project and based in the Lower 
Shore Va_ley at district and rural hospitals are able to 
reach remote villages by light motorcycles. Their ac- 
tiveties are supervised by the project ophthalmologist 
based in Blantyre. 
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Table 3.—Ophthalmic Medical Assistants Trai satin Wi 
Malawi, 1983-1988 Por 


Country No. of Students 







Botswana 16 
Gambia 3 
Ghana 2 






Lesotho 
Malawi 











Nigeria 1 
Sierra Leone 2 
Swaziland 9 
Uganda 5 
Zambia 16 
Zimbabwe 15 






Total 


The influx within the past 3 years of 800000 refu- 
gees from neighboring Mozambique has added strain 
on the economic and social fabric of the Lower Shire 
Valley. More than half of these refugees are sheltered 
in camps in the Lower Shire Valley by the Malawi 
government and the United National High Commis- 
sion for Refugees. 

Activities of the Lower Shire Valley intervention 
project and all efforts in the area of blindness pre- 
vention in Malawi are coordinated by the Blindness 
Prevention Committee, a committee of the Malawi 
Council for the Handicapped, an official advisory body 
to the Ministry of Health. Key health professionals 
compose this committee, which meets quarterly. 

The Malawi national blindness prevention program 
receives assistance from several international orga- 
nizations. These are Christoffel Blind Mission, Bens- 
heim, West Germany; Helen Keler International; the 
International Eye Foundation; Overseas Develop- 
ment Administration; Operation Eyesight Universal, 
Calgary, Canada; the Royal Commonwealth Society 
for the Blind; and the US Agency for International 
Development. 

Moses C. CHIRAMBO, MD 
LARRY SCHWAB, MD 
Lilongwe, Malawi 


Martha Schwab prepared the illustrations. 
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Continuing Medical Education 


Continuing Education for Ophthalmologists 


This list of continuing education opportunities for ophthalmologists is published 
monthly as a service to readers to help them keep abreast of meetings and courses of 
interest and importance. Presented by regional and national location, the list is updated 
monthly and provides an easy reference to continuing medical education (CME) courses. 
Accredited sponsors are encouraged to notify the ARCHIVES of upcoming CME activities for 
inclusion in the list free of charge. Listings will be published for 3 consecutive months and 
should be received at least 5 months prior to date of course, eg, for a June course by Jan 
1 to be included in the March, April, and May issues. A course held between the first and 
14th days, inclusively, will appear in the preceding month’s issue. The listing cannot be 
published unless it contains the following information: title, location, date(s), sponsor(s), 
and contact address. Optional information includes CME category 1 hours of instruction, 
registration fee, and guest speakers. Listings should be typed double-spaced with 2-in left 
and right margins. Send submissions to Anne Meltzer, Archives of Ophthalmology, CME, 
600 N Wolfe St, Baltimore, MD 21205. Readers are encouraged to contact the accredited 
sponsor for more detailed information. 


ARIZONA UCLA Sch of Med Contact: Gretchen Falvo, 


16th Ann Frontiers in Ophthalmol At: Scottsdale Dir, Academic Prgms; (212) 825-4617 


Dates: 2/15/90 to 2/17/90 Sponsor: St Luke's Fifty-Ninth Ann Midwinter Ophthalmol Clin Conf 


Med Ctr & Prentice Eye Inst Contact: Christine 
Campbell, 1419 E Divot Dr, Tempe, AZ 85283; 
(602) 820-7027 


CALIFORNIA 


Advances in Glaucoma Therapy At: La Jolla 
Dates: 2/2/90 to 2/3/90 Sponsor: Univ of Calif, 
San Diego, Dept of Ophthalmol Contact: 
Michelle Elig, Course Coord, UCSD/Ophthal- 
mol, T-014, La Jolla, CA 92093; (619) 543-6044 


Ophthalmol Cont Educ Prgms 1989-1990 At: Los 
Angeles Dates: throughout 1990 Sponsor: Jules 
Stein Eye Institute and Dept of Ophthalmol, 


At: Los Angeles Dates: 2/9/90 to 2/11/90 Reg 
Fee: $295 for practicing physicians and mili- 
tary physicians if received before January 1, 
1990, $350 after that date, $160 for resident 
physicians and retired physicians Sponsor: 
Research Study Club of Los Angeles Contact: 
Louise Ball, Exec Secy, PO Box J, S Pasadena, 
CA 91031; (213) 680-2387 


American Soc of Cataract and Refractive Surg, 
American Soc of Ophthalmic Administrators 
Ann Mtg At: Los Angeles Dates: 3/4/90 to 
3/7/90 Contact: ASCRS/ASOA, 3701 Pender 
Dr, Suite 250, Fairfax, VA 22030; (703) 591-2220 
or 591-2222 


Squaw Valley Vitreo-Retinal Symp At: Olympic 
Valley Dates: 1/28/90 to 2/1/90 Hrs Instr: 16 
Sponsor: Dept of Ophthalmol, Univ of Califor- 
nia, Davis Contact: Barbara Arnold, MD, 7275 
E Southgate Dr, Sacramento, CA 95823; (916) 
393-1000 


Update: Pediatric Ophthalmol At: San Francisco 
Dates: 12/14/89 to 12/15/89 Contact: Extended 
Prgms in Med Educ, Univ of Calif, Rm C-124, 
San Francisco, CA 94143-0742; (415) 476-4251 


Basic Science Course in Ophthalmol at Stanford 
At: Stanford Dates: 7/2/90 to 9/31/90 Reg Fee: 
$1600 Contact: Basic Science Course, PR Eg- 
bert, MD, Director, Department of Ophthalmol, 
A-157, Stanford Medical Center, Stanford, CA 
94305-5308 


COLORADO 


Aspen Corneal Soc Mtg At: Showmass Dates: 
2/17/90 to 2/24/90 Hrs Instr: 20 Reg Fee: $325 
Contact: Mitchell H. Friedlaender, MD, Scripps 
Clin Med Group, 10666 N Torrey Pines Rd, La 
Jolla, CA 92037 


Plastics & Retina: Ann Midwinter Sem of the Col- 
orado Ophthalmological Soc At: Vail Dates: 
1/27/90 to 1/31/90 Hrs Instr: 16 Contact: Carol 
Goddard, PO Box 4834, Englewood, CO; (303) 
741-3937 


Seventh Ann Wilmer Inst Curr Concepts in Oph- 
thalmol At: Vail Dates: 3/10/90 to 3/17/90 Hrs 
instr: 30 Reg Fee: $475; $325 for those in train- 
ing Contact: Prog Coord, The Johns Hopkins 
Med Inst, Office of CE, Turner Bldg, 720 Rutland 
Ave, Baltimore, MD 21205; (301) 955-2959 


FLORIDA 


Canadian Implant Assn Florida Winter Workshop 
(Continued on p 1832.) 





FIFTY-NINTH ANNUAL 


MID-WINTER OPHTHALMOLOGY CLINICAL CONFERENCE 


Sponsored by the 


RESEARCH STUDY CLUB OF LOS ANGELES 
Friday, Saturday, Sunday, February 9, 10, 11, 1990 


Moseley-Salvatori Conference Center 


637 South Lucas Avenue, Los Angeles, California 90017 


DAVID APPLE, M.D., Charleston, SC 
PERRY S. BINDER, M.D., La Jolla, CA 


GUEST FACULTY 


RICHARD KRATZ, M.D., Newport Beach, CA 
HOWARD SCHATZ, M.D., San Francisco, CA 
RICHARD SIMMONS, M.D., Boston, MA 


The three-day scientific program is designed for the ophthalmologist in clinical practice to provide an update on recent 
developments in the specialty. The program format consists of lectures, panel discussions, and luncheon question and answer 
sessions with the faculty. Physicians attending this course may report up to 15 hours of Category | credit toward the CMA 
Certificate in Continuing Medical Education and the AMA Physicians Recognition Award. 


JAMES SALZ, M.D., Program Chairman 


Registration Fee: $295 for practicing physicians if received before January 1, 1990; $350 after that date. 
(Military physicians pay the same fee as practicing physicians) 
$160 for resident physicians, retired physicians 
For further information on registration, hotel reservations, or exhibits, contact: 
Ms. Louise Ball, Executive Secretary 
P.O. Box J. South Pasadena, CA 91031, or call (213) 680-2387 


1989 Allergan, Inc. 


JULES STEIN 
EYE INSTITUTE ANNUAL 
POSTGRADUATE SEMINAR 


Glaucoma: Current Concepts in 
Diagnosis and Management 


AND 


TWENTY-FIRST 
JULES STEIN LECTURE 


Richard E Brubaker, M.D. 


Mayo Ciinic 
Rocheswer, Minnesota 


Friday, April 6—Saturday, April 7, 1990 
Century Plaza Hotel, Los Angeles 


Co-Chairs 

Robert E. Christensen, M.D. 
David A. Lee, M.D. 

William C. Panek, M.D. 


Guest Faculty 
Jorge A. Alvarado, M.D. 
San Francisco, California 
Joseph Caprioli, M.D. 
New Haven, Connecticut 
Eve J. Higginbotham, M.D. 
Chicago, Illinois 
Marc F Lieberman, M.D. 
San Francisco, California 
Donald S. Minckler, M.D. 
Los Angeles, California 
E. Michael Van Buskirk, M.D. 
Portland, Oregon 
Robert N. Weinreb, M.D. 
San Diego, California 
Michael E. Yablonski, M.D., Ph.D. 
New York, New York 


UCLA School of Medicine Faculty 


Anthony C. Arnold, M.D. 
Michael S. Berlin, M.D. 
Gordon L. Fain, Ph.D. 
John R. Heckenlively, M.D. 
Gary N. Holland, M.D. 
Hilel Lewis, M.D. 

Leon G. Partamian, M.D. 
David S$. Robbin, M.D. 
Alfred M. Solish, M.D. 

M. Roy Wilson, M.D. 


In addition to basic concepts underlying glaucoma, 
this two-day seminar ofiers sections on visual 

fields and differential diagnosis, the optic disk 
and visual function, surgical and medical manage- 
ment, and the use of lasers in glaucoma. Panel 
discussions and question periods will provide 
opportunity for individual participation. 


Two social events will be held honoring the Jules Stein 
Lecturer and the course faculty: a reception at the 
Century Plaza Hotel on Friday evening and a dinner 
dance at the Beverly Hills Motel on Saturday evening. 


Registration Fees 

Practicing Physician, $395 00 
Residents and Technicians. $195.00 
Dinner Dance, per person. $70.00 


CME Category 1 Credit, 16 hours 


To receive a detailed program announcement, call or write: 
Gretchen Falvo 

Director of Academic Programs 

Jules Stein Eye Institute 

100 Stein Plaza, UCLA 

Los Angeles, California 90024-7000 

(213) 825-4617 
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At: Hollywood Dates: 12/27/89 to 12/29/89 
Contact: Marvin L. Kwitko, MD, Prgm Chair- 
man, 5591 Cote des Neiges Rd, Montreal, Que- 
bec, Canada, H3T 1Y8; (514) 735-1133 


Eyelid Surg: A Basic Course for the Practicing 
Phys At: Tampa Date: 12/9/89 and 2/10/90 
Contact: J. Justin Older, MD, or Charles B. 
Slonim, MD, Northside Med Ctr, Ste 210, 13550 
N 31st St, Tampa, FL 33613; (813) 971-3846 


Prac Use of Lasers in Ophthalmol (Symp & Work- 
shop) At: West PalmBeach Dates: 2/9/90 to 
2/10/90 Contact: Good Samaritan Hosp, CME 
Dept, PO Box 024308, West Palm Beach, FL 
33402-4308; (407) 650-6236 


GEORGIA 


Twenty-Seventh Ann Alumni Postgrad Course At: 
Buckhead Dates: 2/2/90 to 2/3/90 Hrs Instr: 
10.5 Reg Fee: $295 Guest Speakers: Richard A. 
Thoft, MD, Charles Leone Jr, MD, Carmen 
Puliafito, MD, John Hunkeler, MD Contact: 
Office of CME, Emory Univ Sch of Med, 1440 
Clifton Rd, NE, Atlanta, GA 30322 


HAWAII 


11th Annual Royal Hawaiian Eye Meeting At: 
Maui Dates: 1/20/90 to 1/27/90 Contact: Mary 
Charles & Assoc, 2334 S. King St, Suite 205, 
Honolulu, HI 96826; (808) 942-9655 


Contemporary Cataract Surg & the Use of Lasers 
for the Gen Ophthalmologist At: Maui Dates: 
2/10/90 to 2/17/90 Contact: Steven M. Drance, 
MD, OC, Dept of Ophthalmol, Univ of British 
Columbia, 2550 Willow St, Vancouver, British 
Columbia, V5Z 3N9 Canada; (604) 875-4199 


LOUISIANA 


New Orleans Academy of Ophthalmol 39th Ann 
Symp: Advances in Cataract Surg At: New Or- 


leans Dates: 3/2/90 to 3/4/90 Hrs Instr: 14 Reg 
Fee: $350 prior to 1/1/90, $400 after 1/1/90 
Contact: Emily Busby, Exec Secy, New Orleans 
Academy of Ophthalmol, 2626 Napoleon Ave, 
Rm 2076, New Orleans, LA 70115 


MARYLAND 


Macular Degeneration: Light, Lasers, Low Vision 
At: Baltimore Date: 2/16/90 Sponsor: The Ret- 
inal Vascular Center, The Wilmer Institute Hrs 
Instr: 7.5 Reg Fee: $200; $100 for residents and 
fellows Contact: Office of Cont Educ, The Johns 
Hopkins Med Inst, Turner 57, 720 Rutland Ave, 
Baltimore, MD 21205-2195; (301) 955-2959 


Thirteenth Walter Reed Ophthalmol Postgradu- 
ate Course At: Bethesda Dates: 3/26/90 to 
3/27/90 Hrs Instr: 16 Contact: Nancy Mast- 
brook, Coord, Ophthalmol Serv, Rm 1F 14, Wal- 
ter Reed Army Med Ctr, Washington, DC 2037- 
5001; (201) 576-1960 


MASSACHUSETTS 


Postgrad Ophthalmol At: Boston Dates: 3/30/90 
to 4/3/90 Hrs Instr: 41 Reg Fee: $625; $525 for 
residents and fellows Sponsor: Harvard Med 
Sch Contact: Harvard Med-CME, PO Box 825, 
Boston, MA 02117; (617) 732-1525 


MISSOURI 


Midwinter Laser Course and Fluorescein Angiog- 
raphy Workshop At: St Louis Dates: 2/9/90 to 
2/10/90 Hrs Instr: 12 Reg Fee: $500 ($350, res- 
idents, fellows, nurses, & technicians) Spon- 
sors: Retina Res & Development Found, Alcon 
Surgical Inc, and Washington Univ Sch of Med, 
Dept of Ophthalmol Contact: Beth Ann Stein, 
Retina Res & Development Found, One Barnes 


Hospital Plaza, E Pavilion Suite 17413, St Lou- 
is, MO 63110; (314) 367-1181 


NEVADA 


Contact Lens Assn of Ophthalmologists (CLAO) 
Ann Mtg At: Las Vegas Dates: 1/10/90 to 
1/13/90 Contact: Mtgs Registrar, CLAO, 523 
Decatur St, Suite 1, New Orleans, LA 70130- 
1027; (504) 581-4000, ext 300 


NEW YORK 


Cornea and Astigmatism Course At: New York 
Date: 2/10/90 Contact: Francine Leinhardt, 
Course Coord, Manhattan Eye, Ear & Throat 
Hosp, 210 E 64th St, New York, NY 10021; (212) 
838-9200, ext 2776 


6th Ann Live Ophthalmic Plastic Surg Workshop 
At: New York Dates: 3/2/90 to 3/3/90 Contact: 
Francine Leinhardt, Course Coord, Manhattan 
Eye, Ear & Throat Hosp, 210 E 64th St, New 
York, NY 10021; (212) 838-9200, ext 2776 


Masters of Ophthalmic Plastic Surg—Lacrimal 
Eyelid and Orbital Surg At: New York Dates: 
3/2/90 to 3/3/90 Contact: Francine Leinhardt, 
Course Coord, Manhattan Eye, Ear & Throat 
Hosp, 210 E 64th St, New York, NY 10021; (212) 
838-9200, ext 2776 


The New York Soc for Clin Ophthalmol Spring 
Mtg At; New York Date; 3/31/90 Contact: 
Francine Leinhardt, Course Coord, Manhattan 
Eye, Ear & Throat Hosp, 210 E 64th St, New 
York, NY 10021; (212) 838-9200, ext 2776 


Contact B and A Scan Diagnostic Ultrasonogra- 
phy At: New York Date: 4/7/90 Sponsor: Man- 
hattan Eye, Ear & Throat Hospital Contact: 

(Continued on p 1834.) 


BASIC SCIENCE COURSE IN OPHTHALMOLOGY 
AT STANFORD 
July 2 through August 31, 1990 


Sponsored by the Department of Ophthalmology, Stanford University Medical Center and presented in 
cooperation with the University of California, Davis; Pacific Presbyterian Medical Center; and the University 


of California, San Francisco. 


Learn the fundamentals of ophthalmology, through intensive lecture and laboratory work, at beautiful 
Stanford University near San Francisco. Both American and foreign participants are welcome. 


Sections include Anatomy, Microbiology and External Diseases, Pathology, Physiology and Biochemistry, 
Embryology, Genetics, Motility, Glaucoma, Pharmacology, Neuro-ophthalmology, Fluorescein 
Angiography, Optics and Theory of Refraction, and other important shorter subjects. 


Instructors include Doctors C. Beard, J. Bettman, D. Char, C. Dawson, D. Demartini, R. Dryden, P. Egbert, 
J. Eliason, M. Fishman, A. Flach, D. Guyton, J. Hetherington, C. Hoyt, M. Marmor, G. Paris, H. Schatz, 
A. Scott, W. Scott, R. Shaffer, M. Smith, G. Smolin, W. Spencer, R. Stamper and many others on the 


faculty of 60. 


Tuition is $1600. For further information and application forms, please write to Basic Science Course; 


P. R. Egbert, M.D., Director; 
Stanford, CA 94305-5308. 


Department of Ophthalmology, A-157; Stanford Medical Center; 
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ANNUAL PARK CITY MULTIDISCIPLINARY 
FACIAL PLASTIC SURGERY MEETING 
(Formerly Annual Park City Oculoplastic Meeting) 


A program for ophthalmologists, otorhinolaryngologists, 
dermatologists, plastic and oral surgeons. 


Dates: February 10-17, 1990 Place: Olympic Hotel Fee: $450 
Park City, Utah 

Topics: Facial, cosmetic and reconstructive surgery with special “hands-on” 

workshop using the new Luhr micro and mini plate system. 

Co-Chairmen: 
Jeffrey C. Popp, M.D. Robert M. Dryden, M.D. 
University of Nebraska Medical Center University of Arizona 
Creighton University 


Sponsored by: The University of Nebraska Medical Center, Department of Ophtha mology 


Faculty to Include: Crowell Beard, M.D. — San Francisco; Jan Berlin, M.D. — Cleveland; Mike 
Callahan, M.D. — Birmingham; Craig Dufresne, M.D. — Washington, D.C.; Chris Fleming, M.D. 
— Memphis; Russ Gonnering, M.D. — Milwaukee; Mike Hawes, M.D. — Denver; Larry Katzen, 
M.D. — W Palm Beach; Jack Kennerdell, M.D. — Pittsburgh; Lou Morales Jr., M.D. — Salt Lake 
City; Nick Soldo, M.D. — Phoenix; Harold Tu, M.D. — Omaha; Paul Weber, M.D. — Ft. Lauder- 
dale; Alan Wulc, M.D. — Philadelphia 


>» 20 hours CME Category | credit 


For further information, contact: Marge Adey, Coordinator of Continuing Medical Education. 
Jniversity of Nebraska Medical Center, Center for Continuing Education, 42nd and Dewey 
Avenue, Omaha, Nebraska 68105-1065. Telephone (402) 559-4152. 





(Continued from p 1832.) 
Francine Leinhardt, Course Coord, Manhattan 
Eye, Ear & Throat Hosp, 210 E 64th St, New 
York, NY 10021; (212) 838-9200, ext 2776 


Vitrectomy in Anterior and Posterior Segment 
Surg At: New York Date: 4/21/90 Contact: 
David B. Karlin, MD, Course Coord, Manhattan 
Eye, Ear & Throat Hosp, 210 E 64th St, New 
York, NY 10021; (212) 838-9200, ext 2776 


Pediatric Ophthalmol and Strabismus Update 
1990 At: New York Date: 5/5/90 Sponsor: 
Manhattan Eye, Ear & Throat Hosp Contact: 
Francine Leinhardt, Course Coord, Manhattan 
Eye, Ear & Throat Hosp, 210 E 64th St, New 
York, NY 10021; (212) 838-9200, ext 2776 


The Masters of Cataract Surg At: New York 
Dates: 6/8/90 to 6/9/90 Sponsor: Dept of Oph- 
thalmol, Manhattan Eye, Ear & Throat Hosp 
Contact: Francine Leinhardt, Course Coord, 
Manhattan Eye, Ear & Throat Hosp, 210 E 64th 
St, New York, NY 10020; (212) 838-9200, ext 2776 


TEXAS 


Twelfth Ann Dallas Spring Ophthalmol Symp At: 
Dallas Dates: 3/30/90 to 3/31/90 Topic: In- 
flammatory Diseases of the Eye Reg Fee: $250 
before 3/1/90, $275 after 3/1/90, $75 for resi- 
dent physicians Contact: Sindi Sonnier, Pres- 
byterian Healthcare System/CME, 8200 Wal- 
nut Hill Ln, Dallas, TX 75231; (214) 696-8458 


Southern Retinal Study Club At: Dallas-Fort 
Worth Int Airport Date: 3/10/90 Contact: Gail 
Granek, 1021 Washington Ave, Fort Worth, TX 
76104; (817) 332-6200 


The Cullen Course 1990 At: Houston Dates: 
3/2/90 to 3/4/90 Contact: Carol J. Soroka, 


HowarpD UNIVERSITY COLLEGE OF MEDICINE 
Division of Ophthalmology 


in cooperation with 


St. Croix Hospital 


Office of CME, Baylor Coll of Med, One Baylor 
Pl, Houston, TX 77030; (713) 798-6020 


The Cullen Course- 1990: Clin Advances in Oph- 
thalmol for the Practicing Ophthalmologist At: 
Houston Dates: 3/2/90 to 3/4/90 Sponsor: The 
Cullen Eye Inst Contact: Carol J. Soroka, Prog 
Coord, Office of CME, Baylor Coll of Med, One 
Baylor Pl, Houston, TX 77030; (713) 798-6020 


Tenth Ann Alamo City Ophthalmol Clin Conf At: 
San Antonio Dates: 3/2/90 to 3/3/90 Sponsors: 
Dept of Ophthalmol, Univ of Texas Health Sci 
Ctr at Brooke Army Med Ctr, Willford Hall 
Contact: Johan T. Zwaan, MD, PhD, Univ of 
Texas Health Sci Ctr at San Antonio, 7703 
Floyd Curl Dr, San Antonio, TX 78284-7779 


UTAH 


Annu Park City Multidisciplinary Facial Plastic 
Surg Ski Conf At: Park City Dates: 2/10/90 to 
2/17/90 Sponsor: The Univ of Nebraska Med 
Ctr Dept of Ophthalmol Hrs Instr: 20 Contact: 
Marge Adey, Coord of CME, Univ of Nebraska 
Med Ctr, Ctr for CE, 42nd & Dewey Ave, Oma- 
ha, NE 68105; (402) 559-4152 


FOREIGN 


internati Conf on Low Vision 1990-A Satellite 
Symp of the Internati Congress of Ophthalmol 
At: Melbourne, Australia Dates: 3/13/90 to 
3/16/90 Contact: Conf Organizer, Internatl 
Conf on Low Vision 1990, Assn for the Blind, 
Low Vision Clin, 454 Glenferrie Rd, Kooyong, 
Victoria 3144, Australia 


Sixth Congress of the Internati Strabismological 
Assn-A Satellite Symp of the Internati Con- 
gress of Ophthalmol At: Queensland, Australia 
Dates: 3/11/90 to 3/16/90 Contact: WE Gillies, 
MD, 82 Collins St, Melbourne 3000, Australia 


Sponsored by 
The Department of 
Ophthalmology 


presents 


A SYMPOSIUM 


ON OCULAR 


Twenty-eighth Symp of the Internat! Soc for Clin 
Electrophysiology of Vision at: Guangzhou, PR 
China Dates: 3/10/90 to 3/14/90 Contact: Prof 
Lezheng Wu, MD, Zhongshan Ophthalmic Ctr, 
SUMS, 54 Xianlie Rd, Guangzhou 510060, PR 
China 


Eleventh Ann Course of the Fundacion Oftalmo- 
logica Nacional in Bogota Columbia At: Bogota, 
Colombia Dates: 1/18/90 to 1/20/90 Guest 
Speakers: Marshall Parks, MD, Klaus Hei- 
mann, MD, Relja Zivojnovic, MD, Michael 
Foester, MD, Norbert Bornfeld, MD, Eduardo 
Arenas, MD Contact: Alvaro Rodriguiz, MD, 
calle 50 No 13-30, telephone 2111280 Bogota, 
Colombia 


Ophthalmol Update ’89 At: St Martin, Dutch An- 
tilles Dates: 12/16/89 to 12/26/89 Sponsor: 
Manhattan Eye, Ear & Throat Hosp Contact: 
Francine Leinhardt, Course Coord, Manhattan 
Eye, Ear & Throat Hosp, 210 E 64th St, New 
York, NY 10021; (212) 838-9200, ext 2776 


48th All India Ophthalmological Conf At: Ahmed- 
abad, India Dates: 1/5/90 to 1/8/90 Contact: J. 
Agarwal, Gen Secy, All India Ophthalmol Soc, 
Dr Agarwal’s Eye Inst, 13 Cathedral Rd, Ma- 
dras 600 086, India 


Eleventh Symp of the Internati Res Group Color 
Vision Deficiencies (IRGCVD)-A Satellite 
Symp of the Internati Congress of Ophthalmol 
At: Tokyo, Japan Dates: 3/26/90 to 3/28/90 
Contact: IRGCVD, Med View Co, 1-21, Yotsuya, 
Shinjuku-ku, Tokyo, 160 Japan 


Twelfth Ann Wilmer Inst Current Concepts in 
Ophthalmol At: Dorado, Puerto Rico Dates: 
2/18/90 to 2/25/90 Hrs Instr: 30 Reg Fee $475 
($325 for those in training) Contact: The Johns 
Hopkins Med Inst, Office of CE, Turner Bldg, 


The Masters of 
Cataract Surgery 


June 8 & 9, 1990 
The Waldorf Astoria Hotel 


PHOTOTOXICITY 


March 9-10, 1990 
St. Thomas, U.S. Virgin Islands 


New York, NY 


LIVE TELEVISED SURGERY 


CURRICULUM: This course seeks to update the cataract 
surgeon on the latest trends in cataract and implant 
surgery. Particular emphasis will be placed on LIVE 
TELEVISED SURGERY with ongoing communication 
between the surgeon and registrants. In addition, lectures 
and panel discussions will supplement the surgical 
techniques. 


COURSE CHAIRMAN: Jack M. Dodick, M.D. 


GUEST FACULTY: Drs. David Apple, John D. Hunkeler, Norman 
Jaffe, Manus Kraff, Guy Knolle, Richard Lindstrom, Enrique Malbran, 
William Simcoe, Robert Sinskey, Walter Stark. 


HOST PARTICIPANTS: Drs. Richard Binkhorst, Brian Curtin, 
Jack Dodick, Anthony Donn, Charles Kelman, David Langerman, 
Jerome Levy, Maurice Luntz, Stephen Obstbaum, Richard Troutman, 
and Arnold Turtz. 


LIMITED REGISTRATION, CME CATEGORY I ACCREDITATION 
For Information Contact: Francine Leinhardt, Course Coordinator 


Manhattan Eye, Ear and Throat Hospital 
210 East 64th Street, NYC, NY 10021 
(212) 838-9200 ext. 2776 FAX (212) 832-9126 


Guest Faculty Includes: 

Hugh Vaughn, M.B.B.S. - Kingston, Jamaica 
Oliver Schein, M.D.-Boston, MA 
David Sliney, M.S.- Aberdeen, MD 
Richard Young, Ph.D.- Los Angeles, CA 
Leonard Parver, M.D.- Washington, DC 


For information write: 
Claude L. Cowan, Jr., M.D. 
Howard University Hospital Division of Ophthalmology 
2041 Georgia Avenue, N.W. 
Washington, D.C. 20060 
(202) 865-1257 
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720 Rutland Ave, Baltimore, MD 21205: (301) 


or ai Contact B and A Scan 
- : i sraduate : i 
See ton sage SO dle Ie Smalt Cousen | Diagnostic Ultrasonography 
symp of the Internati Congress of Ophthalmol c c . 


At: Singapore Dates: 3/13/90 to 3/15/90 Con- 
act Myopia Inwrnat! Research Foundation, 
265 Broaeway, 2m 608, New York, NY 10001 


internathConf on Ophthalmic Photography (ICOP 

90)}-A Satellite Symp of the Internati Con- 

gress of Ophthalmol At: Singapore Dates: 

14/90 to 3/17/98) Contact: Lawrence M. Mer- 

n, EBP, Mtg Chairman, Cullen Eye Inst, Bay- 

or Coll of Med 6501 Fannin, Houston, TX 
T730; (713) 798-2938 


Twenty-sixth Internat! Congress of Ophthalmol 
At:.cingapere Dates: 3/18/90 to 3/24/90 Con- 


April 7, 1990 


» tact Congress Fresident, Arthur S. M. Lim, Manhattan Eye, Ear, & Throat Hospital 
MD, c/o Dept of D hthalmol, Natl Univ Hosp, New York, NY 
e. papirni m, Bingepsre 0611, Rapuh» CURRICULUM: This course will cəver the history of 
tig ultrasound; physics of A & B scan; available equipment, 
A Symp on Ocular Phototoxicity: At: St Thomas examination technique; lens and vitreous abnormalities; 
Dates: 3/9/90 te 3/10/90 Sponsor: Howard abnormalities of optic nerve and sclerazartifacts; 
Univ Coll of Med. Div of Ophthalmol Contact: documentation and watherbath technique; difficulties in 
re 5 > tiqa It, n pia j p oe 3D thinking, simultaneous A & B Scan techniques; 
iv oO pathalmol, 20: reorgia Ave, l s . . . . 
Washington, DC 20060: (202) 865.1257 discussion and comparison of instruments. 
COURSE DIRECTOR: Yale L. Fisher, M.D. 
Third Ann E AfricareOphthalmic Plastic & Recon- I : 
structive Surg Symp At: Tanzania Dates: PARTICIPANTS: Richard D. Binkhorst, M.D., 
1/25/98 to 2/8/90TContact: Stephan L. Bosniak, Yale L. Fisher, M.D., Cynthia Kendall, Censulant, 
MD, 300 Central Park W, New York, NY 10024: John S. Kennerdell, M.D., Jason S. Slakter, M.D., 
(212) 769-0740 Mary E. Smith, B.A., R.D., M.S., John A. Sorenson, M.D. 
Eighth Symp»of the Internati Soc on Metabolic AVAILABLE EQUIPMENT: Biophysic Medical Opthascan, 
Eye Dis-A Satellite Symp of the Internati Con- Sonomed, Cooper Digital B/A 
Pee ot Deol AE Sawykok, Thailand LIMITED REGISTRATION CME CATEG@RYI ACCREDITATION 
Dates: 3/12/90 tc 3/16/90 Contact: Heskel M. 
I add ad, MI , Prg n Chairman, 1125 Park Ave, For Information Contact: Francine Leinhardt,Course Coordinator 
New York, NY 10128; (212) 427-1246 Manhattan Eye, Ear and Throat Hospital 


210 East 64th Street NYC, NY 10021 
(212) 838-9200 ext. 2776 FAX (212) 832-9126 





The Retinal Vascular Center 
The Wilmer Institute 
Winter Meeting 





MACULAR DEGENERATION 


LIGHT, LASERS, LOW VISION 


February 16, 1990 
Baltimore, Maryland 


The Winter Meeting of the Retinal Vascular Center will focus on macular degeneration. The featured speaker will 
be Dr. Travis A. Meredith, Professor of Ophthalmology and Chief of the Vitreoretinal Service, Emory University School 
of Medicine. In addition to lectures, there will be presentations of interesting cases for discussion by faculty and registrants. 
This format, always popular with the audience, greatly enhances the learning process. 


Topics: 
Epidemiology 


Light Exposure and Macular Disease 


New Classification of Drusen 


New Angiographic Classification of 


New Vessel Membranes 


Prospective Data on Complications of 


Fluorescein Angiography 


Treatment Recommendations from MPS 


Selecting the Optimal Wavelength 


for Photocoagulation 


Presentation of Cases Masquerading as AMD 
New Data on the Treatment of Juxtafoveal 


Membranes 


Stuart L. Fine, M.D., Course Director 


Neil M. Bressler, M.D. 
Susan B. Bressler, M.D. 
Roanne Flom, O.D. 

W. Richard Green, M.D. 


Location: 
The Columbia Inn 
Columbia, Maryland 


Credit: 

7.5 AMA Category I 

Fees: 

$200 

$100 (residents and fellows 
with letter verifying status) 





Consequences of Overtreatment and Undertreatment 
near the FAZ 


Practical Hints for Assessing Treatment Adequacy 


Mechanisms of Regression following Laser Treatment 
for Neovascularization 


Importance of the Fellow Eye in Determining the 
Risk of Vision Loss in Treated and Untreated Eyes 


RPE Detachments 
Low Vision Rehabilitation 


Retinal Sensitivity and the Scanning Laser 
Ophthalmoscope 


Guest Faculty: 


Travis A. Meredith, M.D. 
Professor and Chief of the Vitreoretinal Service 
Emory University School of Medicine 


Wilmer Institute Faculty: 


Julia A. Haller, M.D. 
Barbara S. Hawkins, M.S. 
Kris Ann Kwiterovich, B.S. 
Maureen G. Maguire, Ph.D. 


Andrew P. Schachat, M.D. 
Steven H. Sherman, M.D. 
Janet S. Sunness, M.D. 
Sheila West, Ph.D. 


Robert P. Murphy, M.D. 


fh 
aN 


For Further Information: 

Office of Continuing Education 

The Johns Hopkins Medical Institutions 
Turner 57 

720 Rutland Avenue 

Baltimore, Maryland 21205-2195 
(301) 955-2959 


The Johns Hopkins Medical Institutions 


SWills Eye Hospital 


announces 


The Fifteenth Annual 
Ophthalmology Review Course 


March 24-28, 1990 


The Sheraton Society Hill Hotel 
Philadelphia, PA 


ON FT 
U V 


45678 
11 12 13 14 15 16 17 
18 19 20 21 22 23[24] 


25 26 27 28/29 50 31 


Guest Speaker 
David L. Guyton, M.D. 


Associate Professor of Ophthalmology 
The Wilmer Ophthalmological Institute 
Johns Hopkins University 
Baltimore, Maryland 


Peter J. Savino, M.D., Course Director 


Faculty & Topics 
Tapic Faculty 
Retina & Vitreous William E. Benson, M.D. 
Ocular Pathology Ralph C. Eagle, Jr., M.D. 
Uveitis David H. Fischer, M.D. 


Orbit, Eyelid & Lacrimal System 


Optics & Refraction 
Carneal & External Diseases 


Physiology 

Pharmacology & Therapeutics 
Pediatric Ophthalmology & Strabismus 
Neuro-Ophthalmology 

Anatomy & Embryology 

Ocular Tumors 

Glaucoma 


Further Information: 

Wills Eye Hospital 

Department of Continuing Medical Education 
Ms. Lucia M. Manes 

9thə»& Walnut Streets 

Phïadelphia, PA 19107 


(215) 928-3378 


Joseph C. Flanagan, M.D. 
and Mary A. Stefanyszyn, M.D. 
David L. Guyton, M.D. 
Peter R. Laibson, M.D. and 
Kent G. Leavitt, M.D. 
Joseph I. Markoff, M.D. 
Marlene R. Moster, M.D. 
Leonard B. Nelson, M.D. 
Peter J. Savino, M.D. 
Hermann D. Schubert, M.D. 
Jerry A. Shields, M.D. 
Richard P. Wilson, M.D. 


Tuition Fee: 
$600 Practicing Physicians & Fellows 
$300 Residents 

(with Letter from Program Chairman) 
Continuing Education Credits: 
This course is eligible for 41 credit hours in 
Category I of the Physicians’ 
Recognition Award of the AMA 
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The Cullen Course 
1990 Clinical Advances in Ophthalmology 


for the Practicing Ophthalmologist 
Cullen Eye Institute Faculty 
Milton Boniuk, M.D. Alice Y. Matoba, M.D. 
Jared M. Emery, M.D. John A. McCrary, M.D. 
Ronald L. Gross, M.D. David W. Parke, II, M.D. 
M. Bowes Hamill, M.D. James R. Patrinely, M.D. 
Dan B. Jones, M.D. Paul G. Steinkuller, M.D. 


Douglas D. Koch, M.D. Gunter K. vonNoorden, M.D. 
Richard Alan Lewis, M.D. Kirk R. Wilhelmus, M.D. 


March 2-4, 1990 


The Houstonian Hotel and Conference Center 
111 North Post Oak Lane 
Houston, Texas 77024 


FOR FURTHER INFORMATION CONTACT: 
Carol J. Soroka 
The Office of Continuing Education 
Baylor College of Medicine 
One Baylor Plaza 
Houston, Texas 77030 
(713) 798-6020 




























12TH ANNUAL DALLAS SPRING 
OPHTHALMOLOGY SYMPOSIUM 


DATE: March 30 and 31, 1990 


LOCATION: Westin Galleria Hotel 
Dallas, Texas 


TOPIC: \nflammatory Diseases of the Eye 
Ocular Surface Disorders, Noninfectious 
and Infectious Corneal Diseases, 
Endophthalmitis and Antibiotics 


GUEST SPEAKERS: Richard L. Abbott, M.D. 


Don D’Amico, M.D. 
Kenneth K. Kenyon, M.D. 


FEE: $250 before March 1. 
$275 after March 1 
$75 resident physician (letter of 
verification required) 


CONTACT: Sindi Sonnier 


6th Annual Live 
Ophthalmic 
Plastic Surgery 
Workshop 


The Masters of Ophthalmic 
Plastic Surgery 


March 2-3, 1990 


CURRICULUM: This course will cover major topics in 
opthalmi diay surgery and will be informally taught by 


lecture and live surgery. They include: orbital and lacrimal 
surgery; blepharoplasty; ptosis surgery; ectropion and 
entropion correction; cryosurgery; enucleation and socket 
surgery; thyroid eyelid malposition, dermis fat grafting. 


Participants are allowed free access to OR's, teaching 
classrooms and simulcast video. 

COURSE DIRECTORS: Richard Lisman, M.D., 

Rene Rodriquez-Sains, M.D. Murray Meltzer, M.D., Byron Smith, M.D. 


INVITED SURGEONS: Charles R. Leone, Jr., M.D., 
Mark Levine, M.D., Perry Robins, M.D., Rich ard Tenzel, M. D. 


STAFF SURGEONS: Steven Bosniak, M.D., Albert Hornblass, M.D., 
Richard Lisman, M.D., Murray Meltzer, M.D., Rene Rodriques-Sains, M.D., 
Hampson Sisler, M.D., Byron Smith, M.D., 


LIMITED REGISTRATION CME CATEGORY I ACCREDITATION 


For Information Contact: Francine Leinhardt, Course Coordinator 
Manhattan Eye, Ear and Throat Hospital 
210 East 64th Street, NYC, NY 10021 
(212) 838-9200 ext. 2776 FAKX (212) 832-9126 





UNIVERSITY OF CALIFORNIA, SAN DIEGO 
DEPARTMENT OF OPHTHALMOLOGY 


presents 


ADVANCES IN GLAUCOMA THERAPY 
1990 


FEBRUARY 2 - 3, 1990 
SHERATON GRANDE TORREY PINES 
LA JOLLA, CALIFORNIA 


GUEST SPEAKERS 
E. M. Van Buskirk, M.D. - Portland, OR 
M. Bruce Shields, M.D. - Durham, NC 
Harry Quigley, M.D. - Baltimore, MD 
Yoshiaki Kitazawa, M.D. - Gifu, Japan 
Joseph Caprioli, M.D. - New Haven, CT 


TOPICS COURSE DIRECTORS 


"Transcleral Ciliodes- | Robert N. Weinreb, M.D. 


tructive Surgery Mark E. Loane, F.R.A.C.O. 


«Antimetabolites and 


Filtering Surgery FOR FURTHER INFORMATION 


Presbyterian Healthcare System/CME 
8200 Walnut Hill Lane 

Dallas, TX 75231 

(214) 696-8458 


While every precaution is taken to ensure accuracy, Presbyterian Healthcare 
cannot guarantee against the possibility of an occasional error 
in the preparation of this ad. 


«Valve Implants Michelle Elig 
"New Drugs Course Coordinator 
«Monitoring the Effec- | UCSD/Ophthalmology, T-014 
tiveness of Treatment | La Jolla, CA 92093 
(619) 543-6044 
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AUTHOR INDEX TO VOLUME 107 


In this Index in alphabetical order are listed names of authors of all articles and letters. Full citation is 
given under first author only; reference is made from joint authors. Names which begin with a prefix are 
entered under the prefix. The month is given as a two letter notation in parentheses. 


A 


Abdul-Rahim AS, Savino PJ, Zimmerman RA, Sergott 
RC, Bosley TM: Cryptogenic oculomotor nerve palsy: 
need for repeated neuroimaging studies, 387 (Mr) 

Abrams GW see Jaffe GJ; Williams GA 

Acers T: Tullos O Coston (1905-1988) obituary, 28 (Ja) 

Adams JL see Wulc AE 

Adamus G see Vrabec T 

Addison DJ see Jordan DR 

Adler R: Progress in Retinal Research, vol 8 (Book Review) 
1434 (Oc) 

Ahn JC, Hoyt WF, Hoyt CS: Tonic upgaze in infancy: report 
of 3 cases, 57 (Ja) 

Al-Hazzaa S see Rice CD 

Albert DM see Howard MA 

Albert DM: 

Pathology of Eye (Book Review) 180 (Fe) 
Stereoscopic Atlas of Macular Diseases: Diagno sis and 
Treatment, ed 3, vols 1-2 (Book Re view) 26 (Ja) 

Albert DM, ed: Book reviews, 26 (Ja), 120 (Fe), 330 (Mr), 
497 (Ap), 650 (My), 805 (Je), 967 (Jy), 1126 (Au), 1285 (Se), 
1434 (Oc), 1577 (No), 1730 (De) 

Alward WLM, Byrne SF, Hughes JR, Hodapp EA: Dislo- 
cated lens nuclei simulating choroidal melanomas, 1463 (Oc) 

Anand R see Sergott RC 

Anand R, Augsburger JJ, Shields JA: Circumscribed cho- 
roidal hemangiomas, 1338 (Se) 

Anderson DR, Cartwright M: Correlation of asymmetric 
damage with asymetric intraocular pressure in normal- 
tension glaucoma (low-tension glaucoma) (letter) 168 (Fe) 

Anderson RL see Corbett JJ; Jordan DR; Holds JB; 
Wolin MJ 

Anderson RL, Nowinski TS: Five-flap technique for ble- 
pharophimosis, 448 (Mr) 

Angra SK see Mohan M 

Araie M see Kondo M 

Arbizo V see Vrabec T 

Arden GB see Berninger TA; Marmor MF 

Arens MQ see Beyer CF 

Arenzo G see Fiore PM 

Arrigg CA see Fiore PM 

Arrigg CA: Medical Sciences for the Ophthalmic Assistant 
(Book Review) 1578 (No) 

Arrowsmith PN, Marks RG: 

Effectiveness of radial keratotomy (letter) 1419 (Oc) 
Visual, refractive, and keratometric results of radial 
keratotomy: 5-year follow-up, 506 (Ap) 

Asman P see Heijl A 

Aswad MI, Barza M, Baum J: Effect of lid closure on contact 
lens-associated Pseudomonas keratitis, 1667 (No) 

Atta RA, Byrne SF: Choroidal folds in posterior scleritis 
(letter) 168 (Fe) 

Augsburger JJ see Anand R; Duker JS 

Azar A see Bochow TW 

Azar DT, Spurr-Michaud SJ, Tisdale AS, Gipson IK: De- 
creased penetration of anchoring fibrils into diabetic stro- 
ma: morphometric analysis, 1520 (Oc) 


Baker DS see Blair NP; Engel JM 

Ball SF see DiGaetano M 

Ball SF: Concentration change and activity of fluorouracil in 
external segment of eye after subconjunctival injection 
(letter) 1276 (Se) 

Barlow WE see Trousdale MD 

Barnes D see Wulc AE 

Barondes MJ, Hamilton AM, Hungerford J, Rustin GJS: 
Treatment of choroidal metastasis from choriocarcinoma 
(letter) 796 (Je) 

Barraquer J see Scott DR 

Bartlett JG see Jabs DA 

Bartley GB see Maguire LJ 

Barza M see Aswad MI 

Bates JH: Ocular pneumoplethysmography in giant-cell ar- 

_ teritis (letter) 1279 (Se) 

Baum J see Aswad MI; Raizman MB 

Beatty RL see Harris GJ 

Beauchamp GR: Ethics Committee of American Academy 
of Ophthalmology, 33 (Ja) 

Beck RW see Bell RA 

Beck RW: MRI in optic neuritis (letter) 789 (Je) 

Becker B see Kass MA 

Belkin M see Landshman N 

Bell JA: Danazol, premenstrual tension and uveitis (letter) 
796 (Je) 

Bell RA, Biersdorf WR, Beck RW: Homonymous hemiano- 
pia and pattern onset hemifield visual evoked potentials 
(letter) 1429 (Oc) 

Bellows AR see Fiore PM 

Belmont JB see Sergott RC 

Bendtson | see Larsen M 

Bengtsson B, Krakau CET: Optic disc rim area, pallor, and 
nerve fiber course (letter) 18 (Ja) 

Benhamou E see Zeimer RC 

Benson WE see Brown GC 

Benton S see Lambert SR 

Beranek JR: Transforming growth factor beta does not 
work without angiogenesis in vivo (letter) 1420 (Oc) 

Bergin DJ see Wulc 

Berninger TA, Canning CR, Gündüz K, Strong N, Arden 
GB: Using argon laser blue light reduces ophthalmolo- 
gists’ color contrast sensitivity: argon blue and surgeons’ 
vision, 1453 (Oc) 


Beschorner WE see Guyer DR 
Beyer CF, Arens MQ, Hill GA, Rose BT, Beyer LR, 
chanzlin DJ: Oral acyclovir reduces incidence of recur- 
rent herpes simplex keratitis in rabbits after penetrating 
keratoplasty, 1200 (Au) 

Beyer CF, Peyman GA, Hill JM: Expulsive choroidal hem- 
orrhage in rabbits: histopathologic study, 1648 (No) 

Beyer LR see Beyer CF 

Bias WB see Stark WJ 

Bielik M see Shin DH 

Bienfang DC: Yearbook of Ophthalmology 1988 (Book Re- 
view) 1577 (No) 
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Lhotka, Frankichaei, 498 (Ap) 
Long, William Srenisen, 807 (Je) 
Losasso, D Eugene, 137 (Oc) 
Mao, Wenshu, S8 (Ap 

Me Neill, John a, 112®1 Au) 
MeKee, Bobby “arl, 1.29 (Au) 
Milam, Danie! ‘ranklm, 332 (Mr) 
More, Arthur Bouis, I288 (Se) 
Mott, Walter C.arles,3 129 (Au) 
Murray, Alice E, 1584 No) 

N a t T yo 
Piepe s, „arry ©, 332 (Mr) 
Pate Deyer Bewen, 33 (Ja) 
Rambo, Victor-“lougrk 332 (Mr) 


i rts, Walte- Lusk. 1437 (Oc) 
Scholz, Roy Ot™, 112$¢ Au) 
Shapira, Theo®re M, 1129 (Au) 
Shepherd, Edvard Mae, 332 (Mr) 
Sheppard, L. B= 1129 (Au) 

Ss » Harry 1, 143° (Oc) 

Singer, Bernar~, 112% Au) 

Smith, Eugene—hurtem, 1734 (De) 
Smith, Marvin 9, 1437(0c) 
Spellman, Clarmee William, 498 (Ap) 
Stern, Henry, M29 (Ax) 

Sullivan, Chars Timethy, 652 (My) 
Surhio, Ghulam Husszin, 332 (Mr) 
Swanson, Eldoe C, 1477 (Oe) 
Tarrasch, Ernest L, 1584 (No) 
Tebbet, Royce Jwain,28(Ja) 
Vallotton, Willizm W, “8 (Ja) 
Vallotton, Willizm W, 332 (Mr) 
Ward, Eugene ong, 584 (No) 
Ward, James Feanklim 1584 (No) 
Watson, Richard Edward, 652 (My) 
Weekley, Robest D, 1538 (Se) 
Williams, Neil ., 807 Ce) 

Wilson, Charle Frederick, 332 (Mr) 
Winn, Thomas “eredith, 28 (Ja) 
Wishbow, Alexander Jehn, 1129 (Au) 
Wehlrabe, Robert Gecvge, 498 (Ap) 


` Wolstan, Simom David 1584 (No) 


Woolsey, Willian Jenkans, 1129 (Au) 

Worden, Dona King 332 (Mr) 

owe À Robert aekson, 1734 (De) 

ment 

Primary vs deByed implant in evisceration (letter) [Holds] 
(reply) [Shor | 952 C y) 

Vibrio vulnifices eorneal ulcer (letter) [DiGaetano] 323 (Mr) 

Decision Makieg 

Computers in @inicalenedicine raise questions of liability 
[Foreman] 23% Ja) 

Importance of mputer information systems (letter) [Lew- 
is] 1116 (Au) 

Prohibition onecharges for services of assistant cataract 
surgeons upkeld byederal Court ef Appeals [Portman] 
975 (Jy) 

Decompressiom 

Air travel withentraoeular gas: I. mechanisms for compen- 
satio a [Lince-f] 902 I. clinical considerations [Lincoff]| 
907 (Je) 

Defensive Mea@icine =e Malpractice 

Dermatin Sulfates se= Chondroitin 


Dermoid Cyst 
U eyelid mease approach to dermoid cysts (letter) 
ersten | 79=(Je) 
's Membrare 


ee idicwathic ~orneal endothedliopathy [Scott] 1186 
(Au) 
Fibronectin ane corne=! epithelial wound healing in vitamin 


A- deficient mt [Frangieh] 567 (Ap) 
New test for erlothelal viability: Janus green photometry 
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technique [Hartmann] 1511 (Oc) 

Desmin 

Ultrastructural pathological features of congenital micro- 
coria: case report [Simpson ] 99 (Ja) 

Developing Countries 

ee factors and increased risk of trachoma in Central 

anzania [Taylor] 1821 (De) 

Ophthalmology in Malawi [Schwab] 1826 (De) 

Devices see Equipment and Supplies 

Dexamethasone 

Collagen shield enhancement of topical dexamethasone pen- 
etration [Hwang] 1375 (Se) 

Drug binding ophthalmic viscoelastic agents [McDermott] 
261 (Fe) 

Oral acyclovir reduces incidence of recurrent herpes sim- 
lex keratitis in rabbits after penetrating keratoplasty 
Beyer | 1200 (Au) 

Transscleral iontophoresis of dexamethasone [Lam] 1368 (Se) 

Dextromethorphan see Levoraphanol 

Diabetes Mellitus 

Decreased penetration of anchoring fibrils into diabetic 
stroma: morphometric analysis [Azar] 1520 (Oc) 

Family with Bardet-Bied! syndrome and diabetes mellitus 
[Escallon] 855 (Je) 

Histamine H, receptors mediate increased blood-retinal barri- 
er permeability in experimental diabetes [Enea] 270 (Fe) 
Illuminated cannula for viscodelamination [Ryan] 1085 (Jy) 

Sting Eze keratitis (letter) [Blanchard] 791 (Je) 

Superior segmental optic hypoplasia: sign of maternal dia- 
betes [Kim] 1312 (Se) 

Ultraviolet ot exposure and risk of posterior subcapsular 
cataracts |Bochow| 369 (Mr) 

Diabetes Mellitus, Insulin-Dependent 

Lens fluorescence in relation to metabolic contro! of insulin- 
dependent diabetes mellitus [Larsen] 59 (Ja) 

Posterior vitreous fluorophotometry: II. comparison of dia- 
betic patients and controls with use of new analysis proce- 
dure Roy 1328 (Se) 

Wisconsin epidemiologic study of diabetic retinopathy: IX. 
4-year incidence and progression of diabetic retinopathy 
when age at diagnosis is less than 30 years [Klein] 237 (Fe) 

Diabetic Retinopathy 

Family with Bardet-Bied] syndrome and diabetes mellitus 
[Escallon] 855 (Je) 

Glaucoma in Barbados (letter) [Leske] 169 (Fe) 

Histamine H, receptors mediate increased blood-retinal barri- 
er permeability in experimental diabetes [Enea] 270 (Fe) 
Illuminated retinal picks for vitreous surgery [Williams] 

1086 (Jy) 

Intraocular pressure in Diabetic Retinopathy Study (letter) 
[Kaufman] 318 (Mr) 

Posterior vitreous fluorophotometry: II. comparison of dia- 
betic patients and controls with use of new analysis proce- 
dure [Roy ] 1328 (Se) 

Relationship of retinal microaneurysm counts to 4-year pro- 
gression of diabetic retinopathy [Klein] 1780 (De) 

Wisconsin epidemiologic study of diabetic retinopathy: IX. 
4-year incidence and progression of diabetic retinopathy 
when age at diagnosis is less than 30 years [Klein] 237; X. 
4-year incidence and progression of diabetic retinopath 
when age at diagnosis is 30 years or more [Klein] 244 C Fe 

Diagnosis 

Agreement between clinicians and image analyzer in esti- 
mating cup-to-dise ratios [Varma] 526 (Ap) 

Clinical study of perimetric probability maps [ Heijl] 199 (Fe) 
Comparison of conventional fluorescein angio phy film 
images with cathode ray tube display [See ey 227 (Fe) 
Computers in clinical medicine raise questions of liability 

[Foreman] 25 (Ja) 

Controlled retrospective study of ganciclovir treatment for 
cytomegalovirus retinopathy: use of standardized system 
for assessment of disease outcome [Holland] 1759 (De) 

Importance of computer information systems (letter) [Lew- 
is} 1116 (Au) 

Incidental discovery of dislocated lenses by computed to- 
mography (letter) [Castillo] 489 (Ap) 

7 in optic neuritis (letter) [Blackwell] (reply) [Beck] 789 
(Je) 

Ocular perpen aries vend E can help in diagnosis of 
giant-cell arteritis [Bosley | 379 (Mr) 

Simple photogrammetric diagnosis of optic nerve hypopla- 
sia [Romano] 824 (Je) 

Standardized echography in diagnosis of lacrimal drainage 
dysfunction [Dutton] 1010 (Jy) 

Various stages of optic neuritis assessed by subjective 
brightness of flicker (Trauzettel-Klosinski| 63 (Ja) 

Visual field interpretation with empiric probability maps 
{Heijl| 204 (Fe) 

Visual field interpretation with empiric probability maps 
(letter) [Johnson] 1423 (Oc) 

Wisconsin epidemiologic study of diabetic retinopathy: IX. 
4-year incidence and progression of diabetic retinopath 
when age at diagnosis is less than 30 years [Klein] 257: x 
4-year incidence and progression of diabetic Mane 
when age at diagnosis is 30 years or more [Klein | 244 (Fe 

Diagnosis, Differential 

Ocular involvement in epidermolysis bullosa acquisita [Zier- 
hut] 398 (Mr) 

Transient hypopyon with marked anterior chamber fibrin 
following pars plana vitrectomy and silicone oil injection 
[Johnson | 683 ( My) 

Diagnostic Imaging 

Variability of depth measurements of optic nerve head and 

ripapillary retina with computerized image analysis 
inendenal 1786 (De) 

Be nostic Related Groupe i d 

uality assurance program for inpatient department of oph- 
thalmology: indleatere and criteria’ [Schachat] 1293 (Se) 

Diathermy, Surgical see Electrocoagulation 

Dibutyrl Adenosine-3’,5'-Monophosphate see Dibutyry! 


clic Amp 
Dibutyry! Cyclic AMP 
Adenosine and its agonists cause retinal vasodilation and 
hemorrhages: implications for ischemic retinopathies 


4 ; i ` ! “A = 4 
{[Campochiaro] 412 (Mr) 
Diclofenac 


Assessment of diclofenac on herpes keratitis in rabbit eyes 
[Trousdale] 1664 (Ne) 

Diclophenac see Dictofenac 

Diphenhydramine 

Histamine H, receptors mediate increased blood-retinal barri- 
er permeability in experimental diabetes [Enea] 270 (Fe) 

Sting Eze keratitis (leter) [Blanchard] 791 (Je) 

Diphenylhydramin see Diphenhydramine 

Diphosphatidylglycerols sse Retinal Vein Occulsion 

Dpyrisamal 

Adenosine and its agenistsscause retinal vasodilation and 
hemorrhages: implications for ischemic retinopathies 
[Campochiaro] 412 (Mr) 

Intravitreous injection of adenosine or its agonists causes 
breakdown of blood-retinal barrier [Sen] 1364 (Se) 

Disinfection see Sterilization 

Diverticulitis 

Diverticula: diverticuii (letter) [Ferry]; (editorial note) 
[Goldberg] 1566 (Noa 

Hig sac diverticuti [Bullock] 756 (My) 


Bromodeoxyuridine uptake-in assessment of h ermic 
therapy for intraocular tumor [Kindy-Degnan| 746 (My) 

Concentration change and aetivity of fluorouracil in ex 
segment of eye after subconjunctival injection (letter) 
[Ball] (reply) [Konde] 1274 (Se) 

DNA content analysis of uveal melanoma (letter) [McMillan] 
1278 (Se) 

Immunophenotypic ckaracterization of unusual T-cell lym- 
phoma presenting as anterior uveitis: clinicopathologic 
case report [Goldey | 1349 (Se) 

Malignant melanoma of iris in xeroderma pigmentosum 
[Johnson] 402 (Mr) 

Ocular varicella-zoster virus infection in guinea pig: new in 
vivo model [Pavan-Langsten | 1068 (Jy) 

DNA Polymerases 

Human papillomavirus DNA in recurrent squamous carci- 

ae of eyelid [McDonnell] 1631 (No) 

gs 


Spontaneous canine keratoemmjunetivitis sicca: useful model — 


for human Sersboccahneayaay sicca: treatment with cy- 
closporine eyedrops |Kaswan| 1210 (Au) 

Drainage 

Automated aspiratingbackflush system for fluid ex- 
change and retinal manipulation [McCuen] 930 (Je 

Chemotactic activity af aqueous humor: cause of failure of 
trabeculectomies? [Josep] 69 (Ja) 

Modification of lacrimal probe facilitates silicone intubation 
(letter) [Meyer] 1115 (Aur 


Search for lymphatic drainage of monkey orbit [McGetrick] — 


255 (Fe) 

Subretinal fluid stimulation of retinal pigment epithelial cell 
migration and proliteratien is dependent on certain fea- 
tures of detachment or its treatment [Hackett] 391 (Mr) 

Use of carbon dioxide laserain drainage of subretinal fluid 
[Engel] 731 (My) 

L-Dromoran see Levoraphanol 

g- Administration. Topical see Administration, Topi- 
ca 


Drug Contamination 

Contamination of K-sdì cormeal storage medium with Pro- 
pionibacterium acnes [Sieek]1023 (Jy) 

Drug Industry 

How exposed are we? is theresa better way? [Olson] 1131 (Au) 

Drug Labeling 

Use of ophthalmic oirtment to separate adhesive (letter) 
[Morgan] 15 (Ja) 

Drug Packaging 

Use of ophthalmic oirtment to separate adhesive (letter) 
[Morgan] 15 (Ja) 

Drug Stora 

Contamination of K-scl corneal storage medium with Pro- 
pionibacterium acnes [Sieek] 1023 dy) 

Dry Eye Syndromes 

Problems with punctalplugs‘(letter) [Levenson] 493 (Ap) 

Duane’s Syndrome see Opinthalmoplegia 


Echography see Ultrasonic Diagnosis 

Echotomography, Computer see Ultrasonic Diagnosis 

Ectropion 

Comparison of clinical variations of iridocorneal endothelial 
syndrome [Wilson] 1465 (Ge) 

Lateral tarsal strip revisited: enhaneed tarsal strip Jordan] 
604 (Ap) 

Edema 

Acetazolamide for treatment of chronic macular edema in 
retinitis pigmentosa [Fishman |} 1445 (Oc) 

Comparison of clinical variations of iridocorneal endothelial 
syndrome [Wilson] 1465 (Ge) 

SOON idiopathic vorneal endotheliopathy [Scott] 1186 
(Au) 

Discoid Spa keratitis [Raizman] 545 (Ap) 

Epidemiology of ocular wry: simplex: natural history in 
Rochester, Minn, 1950-1982 [Liesegang] 1160 (Au) 

ope tee of pseudophakic corneal edema [Waring] 

) 


d 

Education, Medical 

Association of University Professors of o or- 
ganization in transitzon [Kalina] 1291 (Se) : 

Mannequin for ing ocular fundus examination skills 
(letter) [Kahlenborm 17251De) 

Ophthalmology in India [Vemkataswamy ] 931 (Je) 

Ophthalmology in Zimbabwe [Schwab] 287 (Fe) 

Education, ical, Continuing 

Continuing education for ophthalmologists, 144 (Ja), 291 
(Fe), 461 (Mr), 613 (Ap), 773 (My), (Je), 1090 (Jy), 
1255 (Au), 1389 (Se), 1542 (Dc), 1692 (No), 1830 (De) 

Elastic Tissue 

Elastic tissue of Bruck’s membrane: connections to choroi- 
dal elastic tissue and ciliary epithelium of rabbit and 


Subject Index 1851 — 
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Electroca 





human eyes [Korte] 1654 (No) 
Elastin 


Structural proteins of neonatal and adult lamina cribrosa 
[Morrison] 1220 (Au) 

see Electrocoagulation 

Electrocoagulation 

a fluid leakage complicating orbital exentera- 
tion [Wulc] 827 (Je) ) ; 

Use of carbon dioxide laser in drainage of subretinal fluid 
[Engel] 731 (My) 

Paorosncepha ography 

As syndrome (letter) [van Dalen] (reply) [Gloor] 1724 


) 
Electromagnetic Fields see Electromagnetics 


Electromagnetics 

Ferromagnetic hyperthermia and iodine 125 brachytherapy 
in treatment of choroidal melanoma in rabbit model 
[Mieler] 1524 (Oc) ; 

24-gauge intraocular electromagnetic tip for simplified in- 
traocular foreign-body extraction [May ] 281 (Fe 

panhey rt hea i 

Fast and slow oscillations of electro-oculogram in Best's 
macular dystrophy and retinitis pigmentosa [Weleber] 
530 (Ap) 


El 

Bietti’s crystalline dystrophy: clinicopathologic correlative 

[Wilson] 213 (Fe) 

for clinical electroretinography [Marmor] 816 (Je) 

Electroretin phy 

Aland Island disease (Forsius-Eriksson syndrome) associ- 
ated with contiguous deletion syndrome at apa similar- 
ity to incomplete congenital stationary night blindness 

eleber] 1170 (Au) 
pr standard electroretinography protocol [Marmor] 
(Je) 
Cone-rod dystrophy: phenotypic diversity by retinal func- 
tion testing [Yagasaki] 701 (My) 

Dextromethorphan protects retina against ischemic injury 
in vivo [Yoon] 409 (Mr) 

Electroretinographic findings in fellow eyes of patients with 
central retinal vein occlusion [Sakaue] 1459 (Oc) 

Joubert syndrome [Lambert] 709 (My) 

Ocular manifestations of congenital varicella syndrome 
[Lambert] 52 (Ja) 

Standard for clinical electroretinography [Marmor] 816 (Je) 

Vitreous fluorophotometry in carriers of choroideremia and 
ae retinitis pigmentosa [Rusin] 209 (Fe) 

m 


Embol 
Bit) emboli after open heart surgery (letter) [Pe'er] 317 


Embolization, Therapeutic 
Treatment of carotid-cavernous sinus fistulas using detach- 
able balloon catheter through superior ophthalmic vein 
Erhergency Medical T Equi t and Supplie 
ergency cal Tags see Equipment and Supplies 
Emulsifying Agents see Excipients 
Encephalomyelitis 
Antioxidant enzymes reduce loss of blood-brain barrier in- 
tegrity in experimental optic neuritis [Guy] 1359 (Se) 
Endocavita Fu Iguration see Electrocoagulation 
Endocrine Diseases i e Salty i 
etic resonance imaging of pituitary s ypoplasia: 
screte midline Rokai associated with endocrine ab- 
normalities in septo-optic dysplasia [Kaufman] 1485 (Oc) 
Endothelium 
Bovine retinal pigment epithelium promotes proliferation of 
choroidal endothelium in vitro [Morse] 1659 (No) 
Cellular mechanisms of iris neovascularization secondary to 
retinal vein occlusion [Nork] 581 (Ap) 
Comparison of clinical variations of iridocorneal endothelial 
syndrome [Wilson] 1465 (Oc) 
Congenital idiopathic corneal endotheliopathy [Scott] 1186 


(Au) 

Corneal ablation by nanosecond, picosecond, and femtose- 
cond lasers at 532 and 625 nm [Stern] 587 (Ap) 

Corneal stromal wound healing in rabbits after 193-nm ex- 
cimer laser surface ablation na] 895 (Je) 

Effect of anterior chamber depth on endothelial cell count, 
after filtration surgery [Fiore] 1609 (No) 

Lysosomal enzyme abnormalities in keratoconus [Sawagu- 
chi} 1507 (Oc) 

New test for endothelial viability: Janus green photometry 
technique [Hartmann] 1511 (Oc) 

Protective effects of viscous solutions in phacoemulsifica- 
tion and traumatic lens implantation [Glasser] 1047 (Jy) 
Protoporphyrin [X photosensitization of corneal endotheli- 

um [Gotach] 1497 (Oc) 


acre yg factor beta: biologic chorioretinal glue 
[Smiddy] 577 (Ap) 
pi iti um, Anterior Chamber see Endothelium, Cor- 


nea 

Endothelium, Corneal 

Cell division in healing of corneal endothelium of cats 
{Landshman] 1804 (De) 

Comparison of 2 preservation media (CSM and K-Sol) by 
scanning electron microscopy of preserved corneal endo- 
thelium [S u] 429 (Mr) 

Corneal stroma] wound healing in rabbits after 193-nm ex- 
cimer laser surface ablation | Hanna} 895 (Je) 

Enucleation, Eye see Eye Enucleation 

Epicanthus 

Epicanthal fold: a tissue approach [Jordan] 1532 (Oc) 

Epidemiologic Methods 

ee classification system II (LOCS II) (Chylack] 

idemiology 
ygiene factors and increased risk of trachoma in Central 

ia [Taylor] 1821 (De) 

EPIDEMIO Y AND BIOSTATISTICS 

Exposure to sunlight and other risk factors for age-related 
macular degeneration [West] 875 (Je) 

When does the failure to find a difference mean there is 
none? (Javitt] 1034 (Jy) 


‘Epidermal Cyct 


—— 4 


A è 
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Upper eyelid crease approach to dermoid cysts (letter) 

ersten] 792 (Je) 

Epidermolysis Bullosa 

Eye involvement in junctional epidermolysis bullosa [Mc- 
Donnell] 1634 (No) 

Ocular involvement in epidermolysis bullosa acquisita [Zier- 
hut] 398 (Mr) 

Epinephrine 

Drug binding ophthalmic viscoelastic agents [McDermott] 
261 (Fe) 

Epithelium 

Death associated with acute multifocal, placoid pigment 
epitheliopathy (letter) [Hammer] 170 (Fe) 

Decreased penetration of anchoring fibrils into diabetic 
stroma: morphometric analysis [Azar] 1520 (Oc) 

Elastic tissue of Bruch’s membrane: connections to choroi- 
dal elastic tissue and cili epithelium of rabbit and 
human eyes [Korte] 1654 (Noy 

Eye in bone marrow transplantation: III. conjunctival 

ft-vs-host disease [Jabs] 1343 (Se) 

Fibronectin and corneal epithelial wound healing in vitamin 
A-deficient rat [Frangieh] 567 (Ap) 

Fibronectin does not enhance epidermal growth factor-me- 
diated acceleration of corneal epithelial wound closure 
[Soong] 1052 (Jy) 

Hydrogen peroxide damage to human corneal epithelial 
cells in vitro: implications for contact lens disinfection 
systems [Tripathi] 1516 (Oc) 

Immunocytochemical localization of ornithine aminotrans- 
ferase in human ocular tissues [Mito] 1372 (Se) 

Lysosomal enzyme abnormalities in keratoconus [Sawagu- 
chi] 1507 (Oc) 

Recurrent corneal erosion [Waltman] 1436 (Oc) 

Sting Eze keratitis (letter) [Blanchard] 791 (Je) 

Ultrasound spatula [Hara] 767 (My) 

Equipment and Supplies 

Accuracy and precision of keratometry, photokeratoscopy, 
and corneal modeling on calibrated steel balls [Hannush] 
1235 (Au) 

Agreement between clinicians and image analyzer in esti- 
mating cup-to-disc ratios [Varma] 526 (Ap) 

Alarm system to indicate air-fluid level in irrigating bottle 
[Peyman] 1250 (Au) 

Augmentation of local anesthesia during retinal detachment 
surgery [Mein] 1084 (Jy) 

Automated aspirating-backflush system for fluid-gas ex- 
change and retinal manipulation [MeCuen] 930 (Je) 

Caliper-hook for strabismus surgery (Lingual 1387 (Se) 

Complications associated with new smaller size Freeman 
punctal plug (letter) [Maguire] 961 (Jy) 

Evacuation/cautery vitreous needle [Davidorf] 607 ae 

Examination of wheelchair-bound patients (letter) [Singh] 
1422 (Oc) 

Excimer laser instrumentation and technique for human 
corneal surgery [L'Esperance] 131 (Ja) 

Failure to pass school vision test [Friendly] 1436 (Oc) 

Hanna suction punch block and trephine system for pene- 
trating keratoplasty [Waring] 1536 (Oc) 

Illuminated cannula for viscodelamination [Ryan] 1085 (Jy) 

Illuminated retinal picks for vitreous surgery [Williams] 
1086 (Jy) 

Ligation of arteriovenous malformation with Heifetz clamp 
(letter) [Gross] 171 (Fe) 

Modification of ophthalmic laser for use in sedated, reclining 
children [Kaufman] 928 (Je) 

Modified fascia needle [Liu] 769 (My) 

Modified slit lamp for examination of wheelchair-bound pa- 
tients [Javitt] 453 (Mr) 

New intraocular aspiration probe with bipolar cautery and 
reflux capabilities [Fleischman] 283 (Fe) 

New retractable micromagnet for intraocular foreign body 
removal [McCuen] 1819 (De) 

New spatula for epiretinal membrane separation (letter) 
[Kuhn] 317 (Mr) 

Silicone oil for progressive anterior ocular neovasculariza- 
tion after failed diabetic vitrectomy [McCuen] 677 (My); 
correction, 1030 (Jy) 

Tandem Jaffe lid specula for external approach to orbital 
floor (letter) [Khan] 791 (Je) 

bg ect iris fixation with micro-iris retractor [McCuen] 

e) 

Topography of normal corneas [Dingeldein]} 512 (Ap); cor- 
rection, 644 (My) 

20-gauge intraocular electromagnetic tip for simplified in- 
traocular foreign-body extraction [May | 281 (Fe 

Ultrasound spatula [Hara] 767 (My) 

Use of cross-polarized light in anterior segment photogra- 

hy [Fariza] 608 (Ap) 

Erbium 

Erbium-YAG laser surgery on experimental vitreous mem- 
branes [Margolis] 424 (Mr) 

Erythema 

Kaposi sarcoma of conjunctiva and eyelids associated with 
acquired immunodeficiency syndrome [Shuler] 858 (Je) 

Erythrocyte Sedimentation see Blood Sedimentation 

Erythrocytes 

Protoporphyrin IX photosensitization of corneal endotheli- 
um |Gettech] 1497 (Oc) 

Erythromycin 

to ea in ocular prophylaxis of newborns [Chandler] 
814 (Je) 

Esotropia see Strabismus 

Esterases 

Lysosomal enzyme abnormalities in keratoconus [Sawagu- 
chi] 1507 (Oc) 

Ethics, Medical 

Ethics Committee of American Academy of Ophthalmology 
[Beauchamp] 33 (Ja) 

Release of scientific information to news media (letter) 
[Slusher] (reply) [Fishman] 485 (Ap) 

Evoked Potentials 

Various stages of optic neuritis assessed by subjective 
brightness of flicker [Trauzettel-Klosinski] 63 (Ja) 

Evoked Potentials, Visual 
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Homonymous hemianopia and pattern onset hemifield visu- 

al evoked potentials (letter) [Bell] 1429 (Oc) 
manifestations of congenital varicella syndrome 

[Lambert] 52 (Ja) 

Excipients 

Protective effects of viscous solutions in phacoemulsifica- 
tion and traumatic lens implantation [Glasser] 1047 (Jy) 

Excitotoxins see Neurotoxins 

Exotropia see Strabismus 

Experimental Eye Research 

TED a ophthalmic literature from 1955 to 1985 [De Broff] 

a 
Extracellular Matrix 
ae matrix of human optic nerve [Goldbaum] 1225 
u 

Ultrastructural location of extracellular matrix components 
in optic nerve head [Morrison] 123 (Ja) 

Extracellular Space 

Fibronectin does not enhance epidermal growth factor-me- 
diated acceleration of corneal epithelial wound closure 
[Soong] 1052 (Jy) 

Exudates and Transudates 

Central retinal vein obstruction with lipid exudate [Brown] 
1001 (Jy) 

Exposure to sunlight and other risk factors for age-related 
macular degeneration [West] 875 (Je) 

Grading and prevalence of macular degeneration in Chesa- 

. peake Bay waterman [Bressler] 847 (Je) 

ye 

Cagieatte smoking and risk of nuclear cataracts [West] 1166 

(Au) 


Guillain-Barré syndrome presenting as paralysis of accom- 
modation (letter) [DeRespinis} 1282 (Se) 

Intraoperative crushed ice compresses during oculoplastic 
surgery (letter) [Kim] 1275 (Se) 

Intravitreal antibiotic therapy with vancomycin and amin- 
oglycoside: experimental study of combination and repeti- 
tive injections [Oum] 1055 (Jy) 

Eye, Artificial 

Fashionable patches (letter) [Wolin] 1277 (Se) 

Eye Banks see Tissue Banks 

Eye Diseases 

In vivo evaluation of noninvasive method to measure retinal 
thickness in primates [Zeimer) 1006 (Jy) 

New culture method for infectious endophthalmitis [Joon- 
deph| 1334 (Se) 

Ophthalmic manifestations of leukemia [Schachat] 697 (My) 

Staphylococcus epidermidis endophthalmitis complicating 
intravitreal antiviral therapy of cytomegalovirus retinitis 
(letter) [Heinemann] 643 (My) 

Unilateral arcus lipoides corneae with traumatic cyclodialy- 
sis in 2 patients (letter) [Naumann] 1121 (Au) 

Various stages of optic neuritis assessed by subjective 
Lad aaah of flicker (Trauzettel-Klosinski] 63 (Ja) 

Eye Drops see Ophthalmic Solutions 

Eye Enucleation 

DNA content analysis of uveal melanoma (letter) [McMillan] 
1278 (Se) 

Granulomatous uveitis in Crohn’s disease: clinicopathologic 
case report [Salmon] 718 (My) 

Eye Hemorrhage 

Expulsive choroidal hemorrhage in rabbits: histopathologic 
study [Beyer] 1648 (No) 

Eye Injuries see also Wounds and Injuries 

American Academy of Ophthalmology s commitment to eye 
safety (letter) [Pizzarello] 1565 (No) 

Bull’s eye corneal lesion resulting from war game injury 
(letter) [Wellington] 1727 (De) 

Color vision defects in retinal disease (letter) [MacKay] 
(reply) [Roy] 790 (Je) 

Fish hook removal from vitreous and retina (letter) [Man- 
deleorn| 493 (Ap) 

Indirect optic nerve trauma [Lessell] 382 (Mr) 

Medial rectus injury after pterygium excision (letter) 
[Raab] 1428 (Oc) 

Ocular trauma epidemiology [Feist | 503( Ap) 

Panophthalmitis after penetrating keratoplasty (letter) 
[Schein] 21 (Ja) 

Pseudo-Schnabel’s cavernous degeneration of optic nerve 
secondary to intraocular silicone oil [Shields] 714 (My) 
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[Panagopoulos] 886 (Je) 

Promotion of graft survival by photothrombotic occlusion of 
corneal seteiaeninriggtinn foserent) 1501 (Oc) 
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[Mieler | 1524 (Oc) 

Identification and significance of multinucleate tumor cells 
in retinoblastoma | Howard] 1025 (Jy) 


Kaposi sarcoma of conjunctiva and eyelids associated with 
ired immunodeficiency syndrome [Shuler] 858 (Je) 
Reconstruction of orbital exenteration cavities: use of latis- 
simus dorsi myocutaneous free flap [Donahue] 1681 (No) 


s 

Fibronectin and corneal epithelial wound healing in vitamin 
A-deficient rat [Frangieh] 567 (Ap) 

New model of experimental choroidal neovascularization in 
rat [Dobi] 264 (Fe) 

Receptors, Adrenergic, Beta 

Comparison of noncardioselective beta-adrenoceptor 
blocker and cardioselective blocker in reducing aqueous 
flow in humans [Gaul] 1308 (Se) 

Receptors, Beta Adrenergic see Receptors, Adrenergic, 


Beta 

Receptors, Histamine H1 

Histamine H, receptors mediate increased blood-retinal barri- 
er permeability in experimental diabetes [Enea] 270 (Fe) 

Receptors, Purinergic 

Intravitreous injection of adenosine or its agonists causes 
breakdown of blood-retinal barrier [Sen] 1364 (Se) 

ee Disease of Nerve see Neurofibroma- 

osis 

Referral and Consultation 

Hsiao (Resource-Based Relative Value Scale) study: experi- 
ences, impressions, and objections [Fung] 187 (Fe) 


$ 
Accuracy and precision of keratometry, photokeratoscopy, 
and corneal modeling on calibrated steel balls [Hannush] 
1235 (Au) 
Automated perimetry: how do we interpret results? [Wi- 
lensky]} 185 (Fe) 
Clinical study of perimetric probability maps [ Heijl] 199 (Fe) 
Cutting of sutures (Emery! 1 732 (De) 
Effectiveness of radial keratotomy (letter) [Brown] (reply) 
[Arrowsmith] 1419 (Oc) 
Preliminary computer simulation of effects of radial kerato- 
tomy [Hanna] 911 (Je) 
Refractive changes after scleral buckling surgery [Smiddy] 
1469 (Oc) 
Refractive results of hyperopic hydrogel intracorneal lenses 
in primate eyes [McCarey | 724 (My) 
Visual, refractive, and keratometric results of radial kerato- 
tomy: 5-year Sp Ornamen] 506 (Ap) 
Will we master Humphrey perimeter or will Humphrey 
perimeter master us? (letter) [Manor] 1565 (No) 
Refractive Errors 
Excimer laser instrumentation and technique for human 
corneal surgery [L'Esperance] 131 (Ja) 
Simple photogrammetric diagnosis of optie nerve hypopla- 
sia [Romano] 824 (Je) 
Use of contact lenses after keratoconic epikeratoplasty 
{Lembach] 364 (Mr) 
Visual, ive, and keratometric results of epikerato- 
phakia in children: 2-year follow-up [Uusitalo] 358 (Mr) 
Regression Analysis 
a a factors and increased risk of trachoma in Central 
anzania [Taylor] 1821 (De) 
Reimbursement Mechanisms 
Administrations MD payment reform gives government 
piece of pie [Foreman] 1730 (De) 
looks toward cure for health care [Foreman] 1433 (Oc) 
Analysis of ophthalmic surgical charges for services to 
Medicare recipients: 1980 and 1985 [Frenkel] 1132 (Au) 
Je arte i not included in Energy and Commerce 
mmittee’s physician payment reform proposal [Fore- 
man] 1284 (Se) 
Senate Finance Committee proposes middle graound for 
physician payment reform [Foreman] 1576 (No) 
Research 
ae oy oe of pseudophakic corneal edema [Waring] 
) 
ae a ophthalmic literature from 1955 to 1985 [De Broff] 
(Ja 
Research Design 
When does the failure to find a difference mean there is 
none? [Javitt] 1034 (Jy) 
Resource Based Relative Value Scale 
AMA's adoption of RBRVS contingent on modifications 
[Foreman] 179 (Fe) 
American College of Surgeons offers Congress new deal 
[Foreman] 496 (Ap) 





Expenditure targets not included in Energy and Commerce 
‘ommittee’s physician payment reform proposal [Fore- 

man] 1284 (Se) 

House Committee endorses expenditure targets [Foreman] 
1125 (Au) 

Hsiao (Resource-Based Relative Value Seale) study: experi- 
ences, impressions, and objections [Fung] 187 (Fe) 

Hsiao study: personal perspective [Garcia] 342 (Mr) 

Resource-based relative value scale and Medicare (letter) 
ueepeee 486 (Ap) 

Respiration 

Rate of sulfur hexafluoride escape from a plastic syringe 
[Humayun] 853 (Je) 

Respiratory Tract Diseases 

Joubert syndrome [Lambert] 709 (My) 

Retina 

Acute retinal necrosis roel ra clinical profile and surgi- 
cal therapy [Sergott ] 692 (My) 

Adenosine and its agonists cause retinal vasodilation and 
hemorrhages: implications for ischemic retinopathies 
[Campochiaro | 412 (Mr) 

Apraclonidine hydrochloride in vitreoretinal surgery (let- 
ter) [Pulido] 316 (Mr) 

Automated aspirating-backflush system for fluid-gas ex- 
change and retinal manipulation (McCuen] 930 (Je) 

Barbiturates protect retinal cells from hypoxia in cell cul- 
ture [Pulido] 1809 (De) 

Cone-rod dystrophy: Jhen ic diversity by retinal func- 
tion testing [ Yagasaki] 701 (My) 

Erbium-YAG laser surgery on experimental vitreous mem- 
branes [Margolis ] 424 (Mr) 

Fish hook removal from vitreous and retina (letter) [Man- 
deleorn| 493 (Ap) 

Glial epiretinal membranes and contraction: immunohisto- 
chemical and morphological studies [Hui] 106:1280 (Se); 
correction, 107:27 (Ja) 

How exposed are we? is there a better way? [Olson] 1131 (Au) 

Ketamine and retinal ischemia (letter) [Bird] 1419, (reply) 
[Blair] 1420 (Oc) 

New spatula for epiretinal membrane separation (letter) 
[Kuhn] 317 (Mr) 

E emboli after open heart surgery (letter) [Pe'er] 317 
(Mr) 

Standard for clinical electroretinography [Marmor ] 816 (Je) 

Using argon laser blue light reduces ophthalmologists’ color 
contrast sensitivity: argon blue and surgeons’ vision [Ber- 
ninger ] 1453 (Oc) 

Variability of depth measurements of optic nerve head and 
eripapillary retina with computerized image analysis 
Dandona| 1786 (De) 

Vessels part one: retina [Cheston-Winterbotham | 505 (Ap) 

Visual disturbance resulting from intranasal steroid injec- 
tion (letter) [Garland] 22 (Ja) 

Vitreoperfusion: new approach to ocular ischemia [Blair] 
417 (Mr) 

Retinal Artery 

Ocular sere vers can help in diagnosis of 
giant-cell arteritis [Bosley] 379 (Mr) 

Superior segmental optic hypoplasia: sign of maternal dia- 
betes [Kim] 1312 (Se) 

Retinal Artery Occlusion 

Idiopathic recurrent branch retinal arterial occlusion [John- 
son] 757 (My) 

Retinitis pigmentosa and branch retinal artery occlusion 
with anticardiolipin antibody (letter) [Crofts] 324 (Mr) 

Retinal Breaks see Retinal Perforations 

Retinal Degeneration 

Effects of optic atrophy on retinal blood flow and oxygen 
saturation in humans [Sebag] 222 (Fe) 

Immunocytochemical localization of ornithine aminotrans- 
ferase in human ocular tissues [Mito] 1372 (Se) 

Intraocular neovascularization and retinal energy metabo- 
lism (letter) [Wilson | (reply) [Campochiaro] 953 (Jy) 

Retinal Detachment 

Air travel with intraocular gas: I. mechanisms for compen- 
sation [ Lincoff] 902 (Je) 

Augmentation of local anesthesia during retinal detachment 
surgery [Mein] 1084 (Jy) 

Axial myopia increases risk of retinal complications after neo- 
dymium-YAG laser posterior capsulotomy [Koch] 986 (Jy) 
Biodegradable mechanical retinal fixation: pilot study [Ol- 

sen] 735 (My) 

Cireumscribed choroidal hemangiomas [Anand ] 1338 (Se) 

Clinical risk factors for proliferative vitreoretinopathy 
[Cowley] 1147 (Au) 

Cryotherapy for retinopathy of prematurity (letter) [Keith] 
(reply) [Palmer] 315 (Mr) 

Cytomegalovirus retinitis and acquired immunodeficiency 
pame [Jabs] 75 (Ja) 

Failed retinal detachment repair after intravitreal air injec- 
tion (letter) [Poliner | 487, (reply) [Lewen] 488 (Ap) 

Fish hook removal from vitreous and retina (letter) [Man- 
delcorn] 493 (Ap) 

Illuminated retinal picks for vitreous surgery [Williams] 
1086 (Jy) 

Intravitreal tissue plasminogen activator treatment of ex- 
perimental vitreous hemorrhage [Johnson] 891 (Je) 

Kinetics of intraocular gases: disappearance of air, sulfur 
hexafluoride, and perfluoropropane after pars plana vi- 
trectomy [Thompson] 687 (My) 

Long-term intravitreal ganciclovir therapy for cytomegalo- 
virus retinopathy [Heinemann] 1767 (De) 

Management of retinosehisis [Dobbie] 1579 (No) 

New and previously unidentified retinal breaks in eyes with 
recurrent retinal detachment with proliferative vitreore- 
tinopathy [Moisseiev] 1152 (Au) 

Obstruction of trabecular meshwork by retinal rod outer 
segments [Lambrou] 742 (My) 

Pseudo-Schnabel’s cavernous degeneration of optic nerve 
secondary to intraocular silicone oil [Shields | 714 (My) 

ee changes after scleral buckling surgery [Smiddy ] 

(Oc) 

Retinal reattachment by continuous vitreous insufflation 

[Blair] 1217 (Au) 
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Rhegmatogenous retinal detachment following cryotherapy 
in retinopathy of prematurity [Greven] 1017 (Jy) 

Subretinal fluid stimulation of retinal pigment epithelial cell 
migration and proliferation is dependent on certain fea- 
tures of detachment or its treatment [Hackett] 391 (Mr) 

Transient hypopyon following primary or adjunct argon 
Tf pecagenior (letter) [Shin] (reply) [Johnson] 


0) a 


Transient hypopyon with marked anterior chamber fibrin 
following pars aa vitrectomy and silicone oil injection 
[Johnson] 683 (My) 

2-thirds thickness sponges for retinal reattachment surgery 
(letter) [Robinson] 318 (Mr) 

Use of carbon dioxide laser in drainage of subretinal fluid 
[Engel] 731 (My) 

Retinal Dialyses see Retinal Perforations 

Retinal Diseases 

Acute macular neuroretinopathy and multiple evanescent 
bi dot syndrome occurring in same patients [Gass] 189 

e) 

Canthaxanthin retinopathy: anatomie and functional re- 
versibility [Harnois] 538 (Ap) 

Central retinal vein obstruction with lipid exudate [Brown] 
1001 (Jy) 

Comparison of conventional fluorescein angio phy film 
images with cathode ray tube display [See ey 122 (Fe) 

Controlled retrospective study of ganciclovir treatment for 
cytomegalovirus retinopathy: use of standardized system 
for assessment of disease outcome [Holland] 1759 (De) 

Dextromethorphan protects retina against ischemic injury 
in vivo [Yoon] 409 (Mr) 

Evolution of salmon-patch hemorrhages in siekle cell reti- 
nopathy [Gagliano] 1814 (De) 

Excitotoxins: possible new mechanism for peliapu of 
ischemic retinal damage [Bresnick] 339 (Mr) 

Identification and significance of multinucleate tumor cells 
in retinoblastoma [Howard] 1025 (Jy) 

In vivo evaluation of noninvasive method to measure retinal 
thickness in primates [Zeimer] 1006 (Jy) 

Joubert syndrome [Lambert] 709 (My) 

Management of retinoschisis [Dobbie] 1579 (No) 

Ocular complications of arteriovenous communications of 
retina [Mansour] 232 (Fe) 

Protracted enlargement of blind ip in multiple evanescent 
white dot syndrome [Hamed] 194 (Fe) 

Quantitating superior visual field loss associated with ptosis 
[Meyer] 840 (Je) 

Retinal oxalosis: clinicopathologic report [Wells] 1638 (No) 

Treatment of Coats’ disease with bin indirect argon 
laser photocoagulator (letter) (Sneed ] 789 Je) 

Retinal Ganglion Cells 

Optic dise rim area, pallor, and nerve fiber course (letter) 
[Bengtsson] 18 (Ja) 

Retinal Hemorrhage 

Retinal hemorrhage predicts neurologic injury in shaken 
baby syndrome [ Wilkinson] 1472 (Oc) 

Retinal Holes see Retinal Perforations 

Retinal Injuries 

Photic retinopathy from operating room microscope: study 
with filters [Robertson] 373 (Mr) 

Retinal Perforations 

Axial myopia increases risk of retinal complications after neo- 
dymium-YAG laser posterior + erm [Koch] 986 (Jy) 

Clinical risk factors for proliferative vitreoretinopathy 
[Cowley] 1147 (Au) 

Failed retinal detachment repair after intravitreal air injec- 
tion (letter) [Poliner] 487, (reply) [Lewen] 488 (Ap) 

Giant retinal tears: surgical mo oye and results using 
perfluorocarbon liquids [Chang] 761 (My) 

Kinetics of intraocular k disappearance of air, sulfur 
hexafluoride, and pe popni after pars plana vi- 
trectomy [Thompson] 687 (My) 

New and previously unidentified retinal breaks in eyes with 
recurrent retinal detachment with proliferative vitreore- 
tinopathy [Moisseiev} 1152 (Au) 

Retinal reattachment by continuous vitreous insufflation 
[Blair] 1217 (Au) 

Rhegmatogenous retinal detachment following cryotherapy 
in retinopathy of prematurity [Greven] 1017 (Jy) 

Transforming growth factor beta does not work without 
angiogenesis in vivo (letter) [Beranek] 1420, (reply) 
[Smiddy | 1421 (Oc) 

Transforming growth factor beta: biologic chorioretinal glue 
[Smiddy] 577 (Ap) 

Use of carbon dioxide laser in drainage of subretinal fluid 
[Engel] 731 (My) 

Use of sodium hyaluronate for repair of giant retinal tears 
[Brown] 1246 (Au) 

Retinal Pigment Epithelium see Pigment Epithelium of 


Eye 

Retinal Pigments 

Rod ee antigens in retinoblastoma [Vrabec] 1061 (Jy) 

Retinal Tears see Retinal Perforations 

Retinal Vein Occlusion 

Anterior location of crossing artery in branch retinal vein 
obstruction [Duker ] 998 (Jy) 

Asymptomatic miniocclusions of optic dise veins in glaucoma 
[Tuulonen] 1475 (Oc) 

Cellular mechanisms of iris neovascularization secondary to 
retinal vein occlusion [Nork] 581 (Ap) 

acy ee vein obstruction with lipid exudate [Brown] 
1001 (Jy) 

Cup-to-dise ratio and central retinal vein occlusion [Strahl- 
man] 524 (Ap) 

Electroretinographic findings in fellow eyes of patients with 
central retinal vein occlusion [Sakaue] 1459 (Oc) 

Excitotoxins: possible new mechanism for 5 aaa ans of 
ischemic retinal damage [Bresnick} 339 (Mr) 

Macular grid photoco: tion for macular edema in central 
retinal vein occlusion [Klein] 1297 (Se) 

Management of monocular congenital cataracts [Drum- 
mond] 45 (Ja) 

Ocular complications of arteriovenous communications of 
retina [Mansour ] 232 (Fe) 


Subject Index 








is pi ntesa amd branch retinal occlusion 
anticardiolinin antibody (letter) [Crofts] 324 (Mr) 
ee ces hol [Wells] 1638 (No) 

cis: clmicopathologic repert [We o 
Retinitis: 


‘tomegalovirus retinitis and acquired immunodeficiency 
syndrome (Jabs]'75 (Ja 
Intraecular antiviral therapy [Freeman] 1737 (De) 
Long-term intravitreal ganciclovir a ha for cytomegalo- 
virus retinepathy [Hememann] 1767 (De) 
manifestations ef congenital varicella syndrome 
(Lambert J52 (Ja) 
sion of cytemegglovirus retinitis with zidovudine: 
‘imcopathoiogictorrelation [Guyer| 868 (Je) 
Stapiaylococcus epidermidis endophthalmitis complicating 
intravitrea! antiviral therapy of cytomegalovirus retinitis 
(letter) Heinemann] 43 (My) 
Varicella-zoster retinitiein human immunodeficiency virus 
infection (letter)#Chambers | 960 (Jy) 


Acetazolamide for treatment of chronic macular edema in 
retinitis 2 gn 9 [Fishman] 1445(Oc) 

Fast and oscillatiens of electro-oculogram in Best's 
Seca) dystrophy asd retinitis pigmentosa [Weleber] 


Genetic subtypes imretinitis pigmentosa (letter) [Heckenli- 
vely} 16 (Ja) 
Retimtis pigmentosa amd branch retinal artery occlusion 
with anticardiolipin anzibody (letter) [Crofts] 324 (Mr) 
Vitreous fluorophotemetry in carriers of choroideremia and 
x-linked resinitispigm=ntosa [Rusinj 209 (Fe) 

Retinoblastoma 

identification and sgniffeance of multinucleate tumor cells 
in retinoblastoma[ Howard] 1025 (Jy) 

Metastatic retinoblastoma (letter) [Char] 1570 (No) 

Rod cell-specific antiwensm retinoblastoma [Vrabec] 1061 (Jy) 

Retinoic Acid see moin 

Retinopathy of Prematurity 

Cryotherapy fer retinopathy of prematurity (letter) [Keith] 
reply) [Palmer] 315 (Mr) 

Be ee tromeperating room microscope: study 
with filters[Ro ml 373 ( My) 

Rhegmatogenous retinal detachment following cryotherapy 
in lsir pey of prematurity [Greven] 1017 (Jy) 

Reti isis 


Management of retinoschisis [Dobbie] 1579 (No) 
Reviewers 


List of reviewers fer ASCHIVES OF OPHTHALMOLOGY for 

38, 142 (Ja) 

Rhabdomyosarcoma 

Conjunctival flap-cosmesic shell-ptosis procedure: treat- 
ment of blephareptoss in severe keratopathy [Putter- 
man] 1816 (De) 


Rhodococcus 
Rhodococcus equi exdopkthalmitis (letcer) [Hillman] 20 (Ja) 
see Retinal Pigments 


rs 
Association ofposterior eapsular lens opacities with bilater- 
al geoustic meuromas ia patients with neurofibromatosis 
2 [Kaiser-Kupfer 541 (Ap) 

ul myopia increases risk of retinal complications after neo- 

dymiium-YACG laser aoe capsulotomy [Koch | 986 (Jy) 
a smoking and rik of nuclear cataracts [West] 1166 

2 


Clinies) risk factoss for proliferative vitreoretinopathy 
[Cowley] 1 B7 (Aw 

Epidemiology of ocular herpes simplex: natural history in 

‘ Rochester, pale -A bien eto An) ait 
xposure to sunligt ane other risk factors for age-rela 
macular degeneration "West | 875 (Je 

Glaucoma in Earbados (lester) [Leske] 169 (Fe) 

Hygiene factors ane increased risk of trachoma in Central 
Tanzania [Taylor 821 De) 

India-US case-control study of nge seen eataracts [Mo- 
hani 670 (My); correctin 1288 (Se) 

cree! classificaton system II (LOCS II) [Chylack] 

y) 


pneumoplethys hy in giant-cell arteritis (let- 

e ee em (Boley| 1279 (Be) 4 i 

Quality assurance program for inpatient department of oph- 
thabmolegy“ndisateraand criteria’ [Schachat] 1293 (Se) 

ing tissue typing imormation fram the collaborative 
corneal transplantation studies (letter) [Stark] 633 (My) 

Time trends in inedence of hospitalized ocular trauma 
[Tieisch|519 (Ap) 

Ultraviolet light exposure and risk of posterior subcapsular 
cataracts [ ove] 362° Mr) 

Wisconsin epidemiologic study of diabetic retinopathy: IX. 
4 year incidence and progression of diabetic retinopathy 
when age at diagnosissis less than 80 years [Klein] 237 
oa hg inexdenee and progression of diabetic reti- 

n ageat diagnosis is 30 years or more [Klein] 

RNA 

Concentratiomchange anv activity of fluorouracil in external 
segment of after subconjunctival injection (letter) 
[Ball] (reply) | Kondo] 176 (Se) 

Rod Qut ents se= Rods and Cones 

Rods and Cones se als Retinal Pigments 

Color vision defects in setinal disease (letter) [MacKay] 

y: eerie diversity by retinal func- 

i} "01 (My) 
etaBied. syndrome and diabetes mellitus 
[Eseallon} 855 (Je 

Fast and slow escillations < electro-ocul in Best's macu- 
age fron setiniis pigmentosa [Weleber] 530 (Ap) 

Obstruction of trabecular meshwork by retinal rod outer 

nts [Lambrou] 72 (My) 
pecifieanti. imretinoblastoma [Vrabec] 1061 (Jy) 

Standard for clinical electroretinography [Marmor] 816 (Je) 

Using argon laser blue ligat reduces ophthalmologists’ color 
contrast sensitivity: argon blue and surgeons’ vision [Ber- 
ninger] 145340c) 
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Safety see Accident Prevention 


Sarcoma, Kaposi's 
Cytomegalovirus retinitis and acquired immunodeficiency 
syndrome [Jabs] 75 (Ja) 


Cryotherapy for trichiasis in trachoma [Rice] 1180 (Au) 

Scars see Cicatrix 

Schwann Cells 

Cryptogenic oculomotor nerve palsy: need for repeated 
neuroimaging studies [Abdul-Rahim] 387 (Mr) 

Schwannoma, Acoustic see Neuroma, Acoustic 

Sclera 

Air travel with intraocular gas: I. mechanisms for compen- 
sation [Lincoff] 902 (Je) 

Biodegradable mechanical retinal fixation: pilot study [Ol- 
sen] 735 (My) 

Concentration change and activity of fluorouracil in external 
segment of eye after subconjunctival injection (letter) 
[Ball] (reply) [Kondo] 1276 (Se) 

Dislocated posterior chamber intraocular lens: new tech- 
nique of management [Smiddy] 1678 (No) 

sor ea matrix of human optic nerve [Goldbaum] 1225 
(Au) 

Idiopathic sclerochoroidal calcification (letter) [Lim] 1122 (Au) 

Late endophthalmitis after transscleral fixation of ponere 
chamber intraocular lens (letter) [Heilskov] 1427 (Oc) 

Natural evolution of postoperative astigmatism (letter) [Gi- 
rard] (reply) [Clorfeine] 956 (Jy) 

Posterior chamber intraocular lens implantation in absence 
of capsular support [Stark] 1078 (Jy) 

Posterior lip sclerectomy vs trabeculectomy in West Indian 
blacks [Wilson] 1604 (No) 

Preliminary computer simulation of effects of radial kerato- 
tomy [Hanna] 911 (Je) 

Response of pig retinal pigment epithelium to laser photoco- 
agulation in organ culture [Del Priore] 119 (Ja) 

Should recessions of medial recti be graded from limbus or 
insertion? [Kushner] 1755 (De) 

Subretinal fluid stimulation of retinal pigment epithelial cell 
migration and proliferation is dependent on certain fea- 
tures of detachment or its treatment [Hackett] 391 (Mr) 

2-thirds thickness sponges for retinal reattachment surgery 
(letter) [Robinson] 318 (Mr) 

Use of cross-polarized light in anterior segment photogra- 


phy [Fariza] 608 (Ap) 

Scleral Buckling 

pe eco c for retinopathy of prematurity (letter) [Keith] 
Tepi) [Palmer] 315 (Mr) 

Failed retinal detachment repair after intravitreal air injec- 


tion (letter) [Poliner] 487, (reply) [Lewen] 488 (Ap) 
Giant retinal tears: surgical techniques and results using 
perfluorocarbon ke (Chang) 161 (My) 
a changes after scleral buckling surgery [Smiddy] 
469 (Oc) 
Retinal reattachment by continuous vitreous insufflation 
[Blair] 1217 (Au) 
Use of sodium hyaluronate for repair of giant retinal tears 
[Brown] 1246 (Au) 
Scleral Diseases 
Noncontiguous local recurrence of pona uveal melanoma 
after cobalt 60 episcleral plaque therapy [Duker] 1019 (Jy) 
Rhegmatogenous retinal detachment following cryotherapy 
= a ae of prematurity [Greven] 1017 (Jy) 
eritis 


Choroidal folds in posterior scleritis (letter) [Singh] (reply) 
[Atta] 168 (Fe) 

Relapsing polychondritis [Stiles] 277 (Fe) 

Sclerostomy 

Ab interno sclerostomy with hi powered argon endolaser: 
clinicopathologic ooet] e] 1183 (Au) 

Scotoma 

Cone-rod dystrophy: Bap oa diversity by retinal func- 
tion testing [ Yagasaki] 701 (My) 

Second Opinion see Referral and Consultation 

Seizures 

arare syndrome (letter) [van Dalen] (reply) [Gloor] 1724 
(De) 


Tonic upgaze in infancy: report of 3 cases [Ahn] 57 (Ja) 

Serotonin 

Serotonin, vasoconstrictor of human aqueous humor (letter) 
[Martin] 488 (Ap) 

Severity of Illness Index 

— smoking and risk of nuclear cataracts [West] 1166 
Au) 


Hsiao study: personal perspective [Garcia] 342 (Mr) 

Relationship of retinal microaneurysm counts to 4-year pro- 
gression of diabetic retinopathy [Klein] 1780 (De 

Sex Factors 

Age-related cataract in Tibet E p Study [Hu] 666 (My) 

Time trends in incidence of hospitalized ocular trauma 
[Tielsch] 519 (Ap) 

Silicone Oils 

Pseudo-Schnabel’s cavernous degeneration of optie nerve 
secondary to intraocular silicone oil [Shields] 714 (My) 

Transient hypopyon following primary or adjunct argon 
laser photocoagulation (letter) [Shin] (reply) [Johnson] 
1566 (No) 

Transient hypopyon with marked anterior chamber fibrin 
following pars pane vitrectomy and silicone oil injection 
[Johnson] 683 (My) 

Silicones 

Modification of lacrimal probe facilitates silicone intubation 
(letter) [Meyer] 1115 (Au) 

Problems with punctal plugs (letter) [Levenson] 493 (Ap) 

2-thirds thickness sponges for retinal reattachment surgery 
(letter) [Robinson] 318 (Mr) 

Volume augmentation of opnae orbit with cross- 
linked collagen (zyplast) [Cahill] 1684 (No) 

Silver Nitrate 

Controversies in ocular prophylaxis of newborns [Chandler] 


814 (Je) 

Sinusitis 

Orbital inflammation and optic neuropathies associated with 
chronic sinusitis of imtranasal cocaine abuse: possible role 
of contiguous inflammatian [Goldberg] 831 (Je) 

Skin Diseases, Bullows 

Cicatricial pemphigoid asseciated with p -penicillamine 
treatment (letter) [Marti-Huguet] 1115 (Au) 

Hyperproliferation of conjunctival fibroblasts from patients 
with cicatricial pemphigoid [Roat] 1064 (Jy) 

Smoking 

= smoking andirisk of nuclear cataracts [West] 1166 

u 


Socioeconomic Facters 

India-US case-control study of 7 igege cataracts [Mo- 
han] 670 (My); correetion 1288 (Se) 

Ophthalmology in India [Venkataswamy] 931 (Je) 

Sodium 

ap ew as of chronic dlepharitis (letter) [Coroneo] 951 (Jy) 

Use of sodium hyaluronate for repair of giant retinal tears 
[Brown] 1246 (Au) 

Soft Contact Lenses see Contact Lenses, Hydrophilic 

Specialties, Medical 

Analysis of ophthalme surgical charges for services to 
Medicare recipients: 1980 and 1985 [Frenkel] 1132 (Au) 

Congress hears from AAO on physician payment reform — 
[Springer] 804 (Je) i 

Hsiao (Resource-Basec Relative Value Scale) hri experi- 

3 as an. and objections [Fung] 187 (Fe) 

cGra 

Giant retinal tears: es techniques and results using 
perfluorocarbon liquids [Chang] 761 (My) 

Spondylitis, Ankylosing 

Danazol, premenstrua! tension, and uveitis (letter) [Bell] 
796 (Je) 

Sports 

Indirect optic nerve traama{Lessell] 382 (Mr) 

Squint see Strabismus 

Stains and Staining 

Disinfection of Goldmann tonometer against human immu- 
nodeficiency virus type 1 [Pepose] 983 (Jy) 

——e matrix of human optic nerve [Goldbaum] 1225 

u 

Macular grid photocoagulatien for macular edema in central 
retinal vein occlusion Kleit | 1297 (Se) 

New test for endothelial viability: Janus green photometry 
technique [Hartmann] 151! (Oc) 
Ocular surface keratimzation as predictor of response to 
topical retinoic acid therapy (letter) [Herbort] 1275 (Se) 
Patterns of aqueous humor outflow in glaucomatous and 
nonglaucomatous human eyes: tracer study using cation- 
ized ferritin [de Kater] 572 Ap) 

Pneumocystis carinii choredopathy: new clinical entity 
[Freeman] 863 (Je) 

Primary orbital neurobiastoma [Bullock] 1031 (Jy) 
Protective effects of viscous solutions in phacoemulsifica- 
tion and traumatic lems implantation [Glasser] 1047 (Jy) 
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Relation between glaucomatous damage and optic nerve 
head mechanical compliance [Zeimer] 1232 (Au) 

Snellen equivalent for Bailey-Lovie acuity chart (lette?:) 
[Holladay | 636 (My); 955 (Jy) 
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Applications are new being taken for 
the Eleventk Annual Morris Fishbein 
Fellowshipia Medical Journalism 
sponsored br the American Medical 
Association. Physicians interested in 


Announcing 


The Eleventh Anrual 
American Medical Association 





Fishbein 
Fellowship 


July 2, 1990 through 
June 28, 1991 








making a substantial commitment to 
medical journalism are invited to 
apply for this full-time one-year 
fellowship program. 





Work With JAMA The successful 
candidate w Il work with the editorial 
and production staff of The Journal 
of the American Medical Association 
in all facets ef editmg and publishing 
a major weeLly medical journal. At 
the complemen of the program, it is 
expected tha the candidate will be 
preficient in ll aspects of manuscript 
selection, isswe makeup, copy editing 
and styling, art and layout of articles, 
issue planning and managing, in addi- 
tion to the many other elements of 
journal publication. He/she will also 
be conversant with marketing and 
advertising procedures. 


Publishing The candidate must have 
proved writins abilisy at the time of 
application, ter he/she will be required 
during the course of the year to pre- 
pare such articles for publication as 
may be assigned. Although the fellow 
will work under the supervision of a 
physician-editer, ability to work inde- 
pendently is a must. Ability to use a 
resource librar~ is astrong plus. 


Specialty Journal Opportunity In 
addition to The Journal of the Ameri- 
can Medical Association, the Fishbein 
Fellow will receive special insight into 
the different aspects of publishing a 
major specialty journal on a monthly 
timetable. 


Stipend A stipend of $30,000 will be 
provided to the successful candidate 
to cover the 1-year period. 


Application Forms For an application 
blank, please write to: Helene M. 
Cole, MD, Senior Editor, Director, 
Department of Editorial Affairs, 
Journal of the American Medical 
Association, 535 N. Dearborn St., 
Chicago, IL 60610. 


Deadline For Applying Completed 
applications should be forwarded as 
soon as possible and must be received 
no later than January 15, 1990. The 
successful candidate will be notified 
by April 2, 1990. 
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IF DIABETESIS A 
DISEASE YOU CAN 
LIVE WITH, 


WHY DID 150,000 
DIE LAST YEAR? 


Since 1 out of every 20 people has diabetes, you prob- 
ably know someone who lives with tt. 

But what you probably don’t know is what it’s like to 
deal with diabetes: to have to stick to a diet every single 
day; to constantly monitor your blood sugar level; or to 
take insulin injections several times daily. 

And you probably didn’t know that diabetes can lead 
to other diseases, like heart disease, kidney disease and 
blindness. 

Or, that every year 150,000 die. 

Help us find a cure for diabetes. Before you know 
someone who dies from it. 











American 
Diabetes 
.Associatior 


Support the Research of the 
American Diabetes Association 





Sa Reading 
worth 








If you're looking for some good reading, 
you ve just found it. The free Consumer 
Information Catalog. 


The Catalog lists about 200 federal 
publications, many of them free. They can 
help you eat right, manage your money, stay 
healthy, plan your child’s education, learn 
about federal benefits and more. 


SO sharpen your pencil. Write for the free 
Consumer Information Catalog. And get 
reading worth writing for. 


ww Consumer Information Center 
~ Department RW 
Pueblo, Colorado 81009 


A public service of this publication and the Consumer Information Center of the U.S. General Services Administration. 
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Classified Advertising s 


Box 











CLASSIFIED 
INFORMATION 


Regular Classified 1Time 3 Times 

or more* 
Cost per word $ .95 $ .85 
Minimum 20 words. per issue 


*In order to earn the three-time rate, your ad must be placed 
and prepaid at the same time for three or more issues. 


Counting Words: Two initials are considered 
one word, each abbreviation is considered 
one word, and figures consisting of a dollar 
sign and five numerals or less are considered 
one word. Cities and states consisting of two 
words or more are counted as one word: i.e., 
“New York” and “Salt Lake City.” Zip code is 
considered one word and must appear in all 
ads. Telephone number with area code is 
considered one word. When box numbers are 


used for replies, the words “Box ,c/O 
AOP” are to be counted as three words. 

Classified Display 1Time 3Times 
Full page $630 $580 
Two-thirds page 539 496 
One-half page 476 438 
One-third page 378 348 
One-sixth page 252 232 
Column inch 55 50 


Minimum display ad: one column inch 
12-time rate available on request. 


Display Production Charge: The publication 
will pub-set advertisements upon request. 
The typesetting fee is 10% of the one-time ad 
cost shown above. Special requests will be 
billed to the advertiser and/or agency at the 
then prevailing rates. 


Box Service 


Available for all ads. The cost is $10.00 for the 
first issue only. Responses to your ad will be 
consolidated in our office and promptly 
mailed directly to you. 


Closing Date 


The 25th of the second month prior to issue 
date. Example: The November issue closes 
September 25th. No ads can be cancelled 
after the closing date. 


Send all copy, correspondence, production 
materials and payments to: 


archives of 
Ophthalmology 
Classified Department 


P.O. Box 1510, Clearwater, Florida 34617 


For assistance with your ad schedule call toll free: 


National 800-237-9851 
Florida 800-553-8288 O Local 813-443-7666 
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Professional Opportunities 


PEDIATRIC OR GENERAL OPHTHALMOLOGIST: 
East coast — Enchanting New England coastline 
community. Dynamic, caring practice seeks a pedi- 
atric ophthalmologist or general ophthalmologist 
with strong interest in children, to assume estab- 
lished pediatric ophthalmology position. Further 
interest in ophthalmic plastics also desirable. Con- 
tact: Katie Murphy, (508) 746-8600. 177 Sandwich 
Street, Plymouth, MA 02360. 


SURGICAL OPHTHALMOLOGIST with interest in 
IOL's, lasers, cornea glaucoma, plastics, strabis- 
mus, external diseases. Guaranteed base with 
bonus incentive. Also, medical ophthalmologist, 
$125,000. Start option available. Large volume, well 
respected, expanding practice. New equipped 
clinic. Laser Center and Ambulatory Surgical Cen- 
ter. Send CV in confidence to: Don McCrumb, The 
Valley Eye Institute, 1680 East Herndon Avenue, 
Fresno, CA 93710. 


RESEARCH ASSOCIATE — Conduct research in 
the treatment of glaucoma, including coordination 
of proposals, from submission of research outline to 
funding, organization and participation in proposal 
development workshops. Evaluation of patient 
charts and post-treatment results incident to that 
research, thereby ensuring that data and study 
designs are medically and analytically sound. Pre- 
pare findings and suggestions for presentation and 
publication. Requirements include MD or PhD in 
epidemiology with at least three years experience in 
ophthalmology research. Strong background in 
glaucoma research, including demonstrated ability 
to evaluate patient charts; thorough knowledge of 
different medical and surgical treatment modalities 
as well as tests procedures for glaucoma. Salary 
$22,500/year, 40 hours/week. Respond with resume 
only to: Job Order #00009, Massachusetts Depart- 
ment of Employment and Training, Special Pro- 
grams Department, 19 Staniford Street, Boston, MA 
02114. 


OPHTHALMOLOGIST sought as partner in busy 
surgical practice in central Illinois. (Practice 
includes cornea specialist, retinal specialist, and 
two general ophthalmologists.) Faculty position 
possible with University of Illinois College of Medi- 
cine at Peoria. Qualifications: Board-eligible/ 
-certified. Fellowship preferred but not required. 
Excellent compensation package. Send curriculum 
vitae to: Pete Lagouros, MD, Illinois Eye Center, 
1200 Hamilton Boulevard, Peoria, IL 61606. 


OPHTHALMOLOGIST — Very busy general surgical/ 
medical ophthalmology practice needs additional 
associate. Tremendous financial opportunity in a 
beautiful community between Chicago and Mil- 
waukee on Lake Michigan. Skills in medical and/or 
surgical retina could expand practice, but are not 
required. Send CV to: Robert H. Lehner, Jr., MD, Eye 
Clinic of Racine, Ltd., 3805 Spring Street, P.O. Box 
1677, Racine, WI 53401. (414) 637-9615. 


WISCONSIN — The Ashland Eye Clinic, S.C., a 
prosperous, long established practice located in 
Ashland, Wisconsin on Lake Superior, needs one 
BC/BE ophthalmologist now and another within 2-3 
years. Competitive salary plus incentive first year, 
then negotiable buy-in as present two partners wish 
to retire within five years. Clinic building is attrac- 
tive, modern, spacious and fully equipped, with new 
physician-owned optical, well trained staff and low 
overhead. Four-year college and vocational college 
in Ashland, with graduate programs within commut- 
ing distance. Modern, 100-bed hospital with 37 phy- 
sicians on staff. Great fishing, sailing, skiing, ski- 
flying and hunting. Please call: Kenneth A. Morrow, 
MD (715) 682-8146; or John W. Doty, MD (715) 
682-9298, collect, evenings. Or write, enclosing CV: 
P.O. Box 233, Ashland, WI 54806. 


All classified advertising orders, correspondence and payments should be directed to: Archives of Ophthalmology, P.O. Box 151( 
Clearwater, Florida 34617. Our telephone numbers are: National 800-237-9851; in Florida 800-553-8288; Local 813-443-7666. Please di 
not send classified ads, payments or related correspondence to the AMA headquarters in Chicago. This causes needless delay. 


Inquiries about “BOX NUMBER” advertisements: All replies must be in writing and must cite the box number in the ad. Example: 
c/o AOP, P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their 
mail sent in care of Archives of Ophthalmology. 





Paad Cpport ance? 


OPHTHALMOLOGIST: Personable and of higr 
integrity sought for a long established, prestigi 

practice in San Diego. Please send CV to: Ander. 
Eye Institute, 3939 Third Avenue, San Diego, . 
92103. 


OFFERING: A REWARDING life experience. Tem- 


porary replacement needed for Dr. Ralph Shannon, 
missionary ophthalmologist at Good Shepherd Hos- 
pital in Zaire (old Belgium Congo) near Kananga, 
between July 1989 and June 1990. Expenses tax- 
deductible through Medical Benevolence Founda- 
tion. If interested, please contact: Clarence Durham, 
Medical Benevolence Foundation, 320 Highway 190 
West, Woodville, TX 75979-9717; (490) 283-3773 or 
Jerre M. Freeman, MD, 6485 Poplar Avenue, 
Memphis, TN 38119. (901) 767-3937. 


SOUTHERN CALIFORNIA — Ophthalmologists. 
CIGNA Healthplans invites you to join our innova- 
tive and dynamic managed health care team. Our 
multi-disciplinary HMO practice provides a suppor- 
tive and collegial work environment at 31 locations. 
You will enjoy a wealth of cultural and recreational 
activities, access to major academic centers and 
an excellent compensation package. Call collect: 
(818) 500-6570. Or send CV to: Robert Harrington, 
MD, Professional Recruitment, CIGNA Healthplans 


of California, 505 North Brand Boulevard, Suite 


400-33, Glendale, CA 91203. 


PRESTIGIOUS MULTI-SPECIALTY GROUP part ™ 
nership in gulf south university community with © 
outstanding cultural opportunities, needs ophthal- ~ 


mologist. Subspecialty training desirable, not 





required. Unusually fine opportunity to join a busy © 


practice in a wonderful city. Exceptional salary, 
benefits and lifestyle. Interested individuals should 
forward CV to: Reply Box #604, c/o AOP. 


GREAT PRACTICE — General ophthalmology in 
scenic southern Utah. Call: Aftco Associates, (303) 


759-0100. 1777 South Harrison Street, Suite 508, ) 


Denver, CO 80200. 


EXCELLENT OPPORTUNITY to join a busy oph- 
thalmology practice in San Antonio, Texas. Medical 
ophthalmologist preferred; will consider general 
ophthalmologist or fellowship trained subspecialty. 
Send complete CV. Reply: Box 602, c/o AOP. 


OPHTHALMOLOGIST: Cataract practice in the San 
Diego area is seeking an outstanding ophtha!lmolo- 
gist — subspecialty preferred. Please send CV to: 
Anderson Eye Institute, 3939 Third Avenue, San 
Diego, CA 92103. 


NORTHERN VIRGINIA — General ophthalmolo- 
gist, located 20 minutes from downtown DC and 
near a Metro Station, desires a buy/sell agreement 
for a well-established practice of 24 years in same 
location. Ideal for a beginning or relocating oph- 
thalmologist. Send resume to: P.O. Box 3711, Merri- 
field, VA 22081. 


NORTHERN CALIFORNIA — The Permanente 


Medical Group, a growing multi-specialty group, is 
seeking a BC/BE ophthalmologist for our Sacra- 
mento facility. Subspecialty training in cornea/ 
external disease preferred but not required. Present 
staff includes 13 ophthalmologists and 16 optome- 
trists serving over 400,000 patients. Competitive 
salary and outstanding benefits. Send CV to: James 
E. Hine, MD, Chief, Department of Ophthalmology, 
The Permanente Medical Group, Inc., 2025 Morse 
Avenue, Sacramento, CA 95826. EOE. 





PLEASE NOTE—Address replies to box number 
ads as follows: Box number, , C/o AOP, 
P.O. Box 1510, Clearwater, FL 34617. 
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$ ZNN LSU 
? EYE CENTER 


i= | Hasan opening fora 


PEDIATRIC 
OPHTHALMOLOGIST 


Applicant must be board- 
certified and have had 
fellowship in pediatric 
aphthalmology. Interest or 
training in neuro- 
aphthalmology desirable. 






















Interested applicants send 
curriculum vitae and 
bibliography to: 





Herbert E. Kaufman, MD 
LSU EYE CENTER 

2020 Gravier Street, Suite B 
New Orleans, LA 70112 






_SU Medical Center is an 
equal opportunity/affirmative 
action employer. 





VITREORETINAL 
SURGEON 


PEDIATRIC 
OPHTHALMOLOGIST 















Thrwing, established Ohio 
practice consisting of four 
ophthalmologists and 
otolaryngologist is expanding 
to subspecialty care. 










All n house equipment, 
including Yag and 
Argon/Krypton lasers. Strong 
referral base guarantees good 
inceme. Excellent benefits 
anc easy practice buy-in to 
full partnership. 












Applicants should be board- 
certified or -eligible with 
goed surgical skills and 
patient rapport. 









Realy to: 
BOX #603, c/o AOP 





























The University of Queensland yey 
Equal Opportunity in Employment is University Policy 


Senior Lecturer, 
Princess Alexandra Hospital 


Applications are invited from an ophthalmologist with a medical 
degree registrable in Australia to join a department of ophthal- 
mology with new laboratory space, office space andiclinical exam- 
ination area. The suitable applicant must have a postdoctoral 
fellowship in vitreoretinal diseases and surgery or in glaucoma 
from a recognized institution and 3-4 years of post-fellowship 
experience in the vitreoretinal or glaucoma aree. Clinical or labor- 
atory research in the same subspecialty is a requirement. 


The position entails sessional work at the Princess Alexandra 
Hospital, a limited right to private practice in vitrecretinal disease 
and surgery or glaucoma, and a commitment to research and 
teaching. 


Further information may be obtained from Professor Lawrence W. 
Hirst (07) 240 5169. 


The appointment is for a fixed term of 5 years. 
Salary: $41,458 - $48,085 per annum plus $11,356 pa clinical load- 
ing and $15,946 state loading for hospital duties. 


Closing Date: January 5, 1990. Ref. No: 46589. 


Please forward an original plus nine copies of application and 
resume to the Director, Personnel Services, The University of 
Queensland, St. Lucia 4067, Australia. 





Ophthalmologist 
Pittsburgh, Pennsylvania 


A two-physician Ophthalmology group, in the rapidly-growing 
northern suburbs of Pittsburgh, is seeking a general Ophthal- 
mologist to join their busy practice. 


Office location is adjacent to a suburban hospital which offers the 
latest in surgical technology. Numerous procedures are also per- 
formed in the office with state-of-the-art equipment. Clinical ap- 
pointment at the University of Pittsburgh Medical School will be 
required. 


Board Certified Ophthalmologists are encouraged to apply. 
Interest in Pediatrics a plus. Compensation includes salary, 
incentive bonus, benefits and partnership plan. 


All inquiries held in strict confidence. 
Contact: Gary L. Schaffer, Vice President 


DANIEL STERN & ASSOCIATES 


Suite 240 The Medical Center East 
211 North Whitfield Street 
Pittsburgh, PA 15206 


800-438-2476 
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The Department of Ophthalmology 
at Penn State’s 
Milton S. Hershey Medical Center 
is seeking a 
full-time faculty member in 


Vitreo-Retinal 
Surgery 


Responsibilities include patient 
care, teaching and research. The 
position is available immediately at 
either the assistant or associate 
professor level with salary nego- 
tiable based upon background and 
experience. At least one year of 
subspecialty training is essential, 
and all candidates must be at least 
board-eligible. 


Please address all inquiries to: 


George W. Blankenship, MD 
Professor and Chairman 


PENN STATE UNIVERSITY 
COLLEGE OF MEDICINE 


P.O. Box 850 
Hershey, PA 17033 


An equal opportunity/affirmative 
action employer. 


ASSISTANT/ASSOCIATE 


PROFESSOR OF 
OPHTHALMOLOGY 


The Department of Ophthalmology 
at the University of South Florida 
College of Medicine is seeking a 
board-certified or board-eligible 
ophthalmologist with fellowship 
training in pediatric ophthalmology. 


The successful candidate will be an 
excellent and caring clinician with a 
strong interest in clinical and basic 
science research and teaching. 


Send curriculum vitae and 
bibliography to: 


William E. Layden, MD, 
Chairman 
Department of Ophthalmology 


USF EYE INSTITUTE 
13131 Magnolia Drive 
Tampa, FL 33612-9400 


Application deadline 
February 9, 1989 


An affirmative action/ equal 
opportunity employer. 
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ANF 


| ortunities 


UTAH: General ophthalmologist (BC/BE) with sub- 
specialty interest in retina, plastics or pediatrics to 
join busy, established, ethical practice in beautiful, 
growing rural resort/retirement community with 
drawing area of 100,000. Incredible scenery and 
outdoor recreation opportunities. New office with 
excellent technical staff, lasers, Medicare certified 
surgery and optical shop. Send curriculum vitae to: 
Kelly Parker, 1085 South Bluff, St. George, UT 
84770. 


OPHTHALMOLOGIST: Outstanding opportunity 
for full-time position with large, busy and ever- 
growing ophthalmology practice in beautiful central 
Texas hill country. Attractive, well equipped facility 
with experienced staff. Excellent compensation and 
benefit package. Please submit CV to: Texan Eye 
Center, 1020 West 34th Street, Austin, TX 78705. Or 
call: (512) 454-0333. 





mets 


Directors Wanted 


VITREOUS-RETINAL SURGEON — Minneapolis: 
BC/BE ophthalmologist with subspecialty training 
in vitreous-retinal surgery needed to join the 10- 
member Department of Ophthalmology and serve 
as director of the retinal surgery program of the Park 
Nicollet Medical Center and the International Dia- 
betes Center. Our established vitreous-retinal spe- 
cialty clinic is fully equipped for our high pathology 
practice with laser, ultrasound and fluorescein 
angiography. Our specialty staff includes two 
COMTs and an office assistant. Candidates desired 
with interests in teaching and clinical research. Our 
290-physician multi-specialty medical clinic in the 
attractive Minneapolis/St. Paul area is highly repu- 
table, well-established and has been in existence for 
38 years. Salary and benefits would be exceptional. 
Send CV and letters of inquiry to: Patrick Moylan, 
Park Nicollet Medical Center, 5000 West 39th Street, 
Minneapolis, MN 55416. 


Faculty Positions 


ASSOCIATE IN OCULAR VASCULAR diseases. 
The Ocular Vascular Service of the Department of 
Ophthalmology, University of lowa, College of Med- 
icine, has an opening for an ophthalmologist at the 
associate level, beginning July 1, 1989. The candi- 
date must have had a residency in ophthalmology 
and preferably boards in ophthalmology or equival- 
ent certification from abroad. Research experience 
in ophthalmology, preferably in retinal or vascular 
disorders, is highly desirable. The University of lowa 
is an equal opportunity and affirmative action 
employer. Minorities and women are encouraged to 
apply. Interested persons are invited to direct inquir- 
ies and submit vitaes with names of three references 
to: S.S. Hayreh, MD, Ph.D, D.Sc, Department of 
Ophthalmology, University of lowa Hospitals, lowa 
City, lowa 52242. 


Fellowships 


FELLOWSHIP: Corneal external disease fellowship 
available July 1, 1991. Clinical and animal research 
required. Excimer laser available. Contact: Richard 
A. Eiferman, MD, University of Louisville, 301 East 
Muhammad Ali Boulevard, Louisville, KY 40292. 


SIX MONTH FELLOWSHIP in anterior segment 
surgery with emphasis on phacoemulsification and 
intraocular lenses, as well as medical problem solv- 
ing and practice management. Georgia license 
required. Fellowship in existence since 1978. Reply 
to: Richard R. Schulze, MD, 728 East 67th Street, 
Savannah, GA 31405. 





Positions Wanted 
MARYLAND: Board-certified ophthalmologist with 


current Maryland license seeks full- or part-time 
position. Reply: Box #607, c/o AOP. 








Practices For Sale 


THRIVING SOLO BAY RIDGE, Brooklyn ophthal- 
mology practice for sale. Argon laser, B scan, etc. 
Doctor will introduce. Box #605, c/o AOP. 








LOYOLA UNIVERSITY 
CHICAGO 


The Department of 
Ophthalmology at Loyola 
University Chicago is seeking two 
full-time staff members with 
subspecialty training in glaucoma 
and cornea/external disease. 


Loyola University Medical Center 
is located in the western suburbs 
of Chicago, adjacent to the 
affiliated Hines VA facility. 


Applicants must have completed 
an eye residency and appropriate 
fellowship training. 


Responsibilities include patient 
care, teaching, laboratory and 
Clinical research. 


Send curriculum vitae, list of 
references and other support 
information to: 


Walter M. Jay, MD, Chairman 
Department of Ophthalmology 
LOYOLA UNIVERSITY 

MEDICAL CENTER 

2160 South First Avenue 
Maywood, IL 60153 


Loyola University Chicago is an equal 
opportunity educator and employer. 


SS Massachusetts 
y < Eye and Ear. 


Se Infirmary 


POSTDOCTORAL 
FELLOWSHIPS 


Preresidency, postresidency and PhD 
postdoctoral fellowships in the following 
vision research disciplines are offered at 
the Massachusetts Eye and Ear Infir- 
mary, Harvard Medical School, Boston. 


e GLAUCOMA 

e IMMUNOLOGY 

e PATHOLOGY 

e LENS 

e RETINAL DEGENERATIONS 
e RETINA 

e MOLECULAR BIOLOGY 

e EPIDEMIOLOGY 


The Massachusetts Eye and Ear In- 
firmary is an equal opportunity employer 
and is specifically pursuing an affirma- 
tive action plan to recruit women and 
other minorities into this postdoctoral 
fellowship program in vision research. 
Interested parties should contact: 


Dr. C. Stephen Foster, MD, Director 
Postdoctoral Fellowship Training Grant 
Department of Ophthalmology 
MASSACHUSETTS 
EYE AND EAR INFIRMARY 
243 Charles Street, Boston, MA 02114 











ellowship 


Fellowship 
available in 
Corneal 
External Disease — 
Contact Lenses/ 
Anterior Segment 


July 
1990-1991 


Write: 
Department of 
Ophthalmology 


UNIVERSITY OF 
CONNECTICUT 
Farmington, CT 

06032 
(203) 521-7560 
Attention: 
P.C. Donshik, MD 


ANTERIOR 
SEGMENT 
FELLOWSHIP 


Aone year anterior segment fellowship 
with emphasiseon: 


m PhacoemuSification/small 
incision IOL's 

u Penetrating kerateplasty 

E Phacotrabeculectomy (combined 
phaco and trabeculectomy through 
3 mm incision) 

E Refractive surgery 

E Vitreo-retinal proeedures/macular 
photocoagulation 

m Research 


is available in cur 30,000 square foot, 
high volume, regional ASC located 
ithin minutes of the west’s greatest 
skiing, to a persorable, aggressive 
applicant. 


Gontact: 


Tom Lindsay 


THE EYE INSTITUTE 
OF UTAH 


(801) 263-5712 


= The 
= Eye Institute 
Of Jtah 





Positions Available 


REPS WANTED — Summit Optics, Inc. is looking 
for sales representatives for custom post operative 
dressing trays and pharmaceuticals. Send resume 
to: 2402 Northwest 66th Court, Gainesville, FL 
32606-1632. 


Locum Tenens 


LOCUM TENEN needed for months March through 


May 1990 for solo ophthalmology practice in Bay 
Ridge, Brooklyn. Box #606, c/o AOP. 


DOCTORS: Don’t throw your equipment away. We 
pay top dollar for your equipment. We buy, sell, 
service optical equipment. Write or call your list of 
inventory to: Belrose Refracting Equipment Com- 
pany, 3734 Oakton Street, Skokie, IL 60076-3444. 
(708) 675-2300. Established 1953. 


J.R. OPTICAL will help you dispose of surplus 
instruments and equipment. Our southwest service 
center repairs and rebuilds most ophthalmic instru- 
ments, both current and obsolete. J.R. Optical, Inc., 
P.O. Box 2036, Hurst, TX 76053. (817) 282-6104. 





Miscellaneous 


ANGIOGRAM INTERPRETATIONS 


A HISTORY OF PROFESSIONAL SERVICE 
Ask about our Developing and Printing 
Services. Call toll free: 1-800-851-5038. In 
Tennessee, call collect: 1-901-683-6821. 

THE ANGIOGRAM READING CENTER 
P.O. Box 171804 èe Memphis, TN 38187 





Subspecialty 
Ophthalmologist 
Kansas City 


Fellowship trained cphthalmologist 
to join two board-certified general- 
ists and establish first subspecialty 
department. 


Ultra~-modern office with state-of- 
the-art equipment and vigorous 
growing practice. Some general 


Ophthalmology un-il subspecialty 
established. Ethical. Stimulating 
environment, clinical research, 40 
papers published fram our practice. 


Exceptional offer — salary, fringes, 
production incentive. 


Contaet: 


John C. Hagan Il, MD, FACS 


Midwest Eye Institute 
of Kansas City 


2700 Hospital Drive 
North Kansas City, MO 64116 





We Target The Physician 
You Want! 


The Archives of Ophthalmology’s classified recruitment section will deliver your 
message to exactly your target audience — all ophthalmologists. A otal specialized 


physician audience of over 15,000. 


Send us your advertising order today. Just complete the coupon below and attach 
your typewritten copy. The next available issue is February which coses December 
22nd. For complete advertising rate information, please see the frst page of this 


section. 
Insert my ad 


Place my ad under the heading 


Enclosed is my check for $ 
of my advertising schedule. 


Institution 

Contact Person 
Address 

City 

Telephone Number 


Authorized Signature 


times, beginning with the 


issue. 


to cover full payment 


Send all copy and payments to: 


archives of 


Ophthalmology 


Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 
National (800) 237-9851 O Florida (800) 553-8288 O Local (8 3) 443-7666 
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Ocufen® (flurbiprofen sodium) 0.03% 
Liquifilm® sterile ophthalmic solution 


INDICATIONS AND USAGE 
Ocufen is indicated for the inhibition of intraoperative miosis. 


CONTRAINDICATIONS 
Ocufen is contraindicated in epithelial herpes simplex keratitis 
(dendritic keratitis) and in individuals who are hypersensitive 
to any components of the medication. 


WARNINGS 
With nonsteroidal anti-inflammatory drugs, there exists the 
potential for increased bleeding due to interference with throm- 
bocyte aggregation. There have been reports that Ocufen may 
cause bleeding of ocular tissue (including hyphemas) in conjunc- 
tion with ocular surgery. 


There exists the potential for cross-sensitivity to acetylsalicylic 
acid and other nonsteroidal anti-inflammatory drugs. Therefore, 
caution should be used when treating individuals who have previ- 
ously exhibited sensitivities to these drugs. 


PRECAUTIONS 
General: Patients with histories of herpes simplex keratitis should 
be monitored closely. Ocufen is contraindicated in patients with 
active herpes simplex keratitis. 


Wound healing may be delayed with the use of Ocufen. 


It is recommended that Ocufen be used with caution in surgical 
patients with known bleeding tendencies or who are receiving 
other medications which may prolong bleeding time. 


Drug interactions: Interaction of Ocufen® (flurbiprofen sodium) 
0.03% Liquifilm® sterile ophthalmic solution with other topical 
ophthalmic medications has not been fully investigated. 


Although clinical studies with acetylcholine chloride and animal 
studies with acetylcholine chloride or carbachol revealed no inter- 
ference, and there is no known pharmacological basis for an inter- 
action, there have been reports that acetylcholine chloride and 
carbachol have been ineffective when used in patients treated 
with Ocufen. 


Carcinogenesis, mutagenesis, impairment of fertility: Long- 
term studies in mice and/or rats have shown no evidence of car- 
cinogenicity or impairment of fertility with flurbiprofen. 


Long-term mutagenicity studies in animals have not been 
performed. 


Pregnancy: 

Pregnancy category C. Flurbiprofen has been shown to be 
embryocidal, delay parturition, prolong gestation, reduce weight, 
and/or slightly retard growth of fetuses when given to rats in daily 
oral doses of 0.4 mg/kg (approximately 185 times the human daily 
topical dose) and above. There are no adequate and well- 
controlled studies in pregnant women. Ocufen should be used 
during pregnancy only if the potential benefit justifies the poten- 
tial risk to the fetus. 


Nursing mothers: It is not known whether this drug is excreted 
in human milk. Because many drugs are excreted in human milk 
and because of the potential for serious adverse reactions in 
nursing infants from flurbiprofen sodium, a decision should be 
made whether to discontinue nursing or to discontinue the drug, 
taking into account the importance of the drug to the mother. 


Pediatric use: Safety and effectiveness in children have not been 
established. 


ADVERSE REACTIONS 
The most frequent adverse reactions reported with the use of 
Ocufen are transient burning and stinging upon instillation and 
other minor symptoms of ocular irritation. 


Increased bleeding tendency of ocular tissues in conjunction with 
ocular surgery has also been reported. 


Æ ALLERGAN PHARMACEUTICALS 
r A a of Allergan, Inc., Irvine, CA 92713 
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Visibility and Confidence 
for Capsular Bag Placement 


ioe 
4 





Capsulorhexis and One-Piece EZVUE™ Violet Haptic Lenses are 
an excellent combination for todays advancing surgical needs. 






E EZVUE™ Lenses provide enhanced visualization 
throughout the entire surgical procedure 


@ Unsurpassed flexibility designed to provide superior 


EZVUE Haptics conform “naturally” haptic control to assure capsular bag placement 
2 = pt gO herein this E One-piece PMMA haptic memory helps maintain 


centration in the capsular bag’ 


EZVUE. One-piece lens superiority that gives you 
the advantages and increased confidence you 
want during surgery. 


EZVUR 


Violet Haptic One-Piece Lenses 


ia gia 
a fohmonsfohmon company 
Prior to use, please refer to the product information package insert for indications, cautions, warnings and precautions. 


IOLAB Corporation, 500 IOLAB Dr. Claremont, CA 91711. 714/624 - 2020: Customer Service -Toll Free: 800/255 -2800 
"Data on file. IOLAB Gorvoration ee ee 









nvestigational Device. Limited by 
-ederal Law to investigational use. 
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Ocuten 
helps you 
control the unexpected. 


Keeping the pupil larger to help reduce the risk 
of serious intraoperative complications. 
Ocufen’ 
(flurbiprofen sodium) 0.03% 


Liquifilm’ sterile ophthalmic solution 


= ALLERGAN PHARMACEUTICALS 


Please see brief summary of prescribing information on adjacent page. 





